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PART ONE 

WEATHER PRINCIPLES AND THEORY 

CHAPTER 1 
INTRODUCTION 


1-1 . Purpose 

This manual provides the Army aviator and 
other interested personnel with the general 
principles of modern meteorology as applicable 
to Army aviation. It also provides information 
on various weather facilities and how to use 
them to best advantage. 

1—2. Scope 

а. This manual covers the theoretical aspects 
of meteorology which concern the Army avia- 
tor, the weather facilities available to him, and 
other information which will enable him to in- 
terpret weather conditions. 

б. The material presented herein is applica- 
ble without modification to both nuclear and 
nonnuclear warfare. 

c. Users of this manual are encouraged to 
submit recommended changes or comments to 
improve the manual. Comments should be 
keyed to the specific page, paragraph, and line 
of the text in which change is recommended. 
Reasons should be provided for each comment 
to insure understanding and complete evalua- 
tion. Comments should be forwarded direct to 
the Commandant, United States Army Aviation 
School, ATTN : AASPI, Fort Rucker, Ala. 

d. For list of references, see appendix I. 

1-3. Weather Requirements for Instrument 
Plight 

To become instrument qualified and maintain 
his proficiency, the aviator must have knowl- 
edge of the factors which produce and control 


the weather. This does not mean that the avia- 
tor will fly in all types of extremely hazardous 
weather such as severe squall lines, tornado 
areas, freezing precipitation, and rapidly shift- 
ing gusty surface winds; flights into severe 
weather areas are to be avoided. It does mean, 
however, that he must have a sufficient knowl- 
edge of weather to plan his flight so as to avoid 
these hazardous conditions if possible. To ob- 
tain desired weather information the aviator 
must be able to converse intelligently with the 
forecaster. In addition, he must be able to in- 
terpret and use the weather station facilities. 
He must know what facilities are available 
to determine ceilings, visibilities, and surface 
weather conditions along his route. He must 
know how to determine temperatures aloft, the 
height of the freezing level, and the presence 
of potential icing conditions. Further, he must 
be able to locate the wind conditions for his 
flight, cloud tops, upper cloud layers, and areas 
of probable thunderstorm or fog formation, 

1-4. Military Weather Support Functions 

a, G&neral A wide variety of weather in- 
formation is required to support the planning 
and operations of the many offensive and de- 
fensive military forces created by modern war- 
fare. Requirements range from the accurate 
reporting of current weather conditions at a 
specific river crossing to an extended forecast 
of weather conditions expected at any point in 
the world. Effects of weather conditions which 
must be carefully weighed in planning and ex- 
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ecuting specific military aviation operations in- 
clude — 

(1) Winds aloft that modify the range 
and payload of aircraft. 

(2) Moisture, in its various forms, that 
may affect ceilings, visibility, aircraft perform- 
ance, and landing sites. 

(3) Density altitude that affects payload 
and aircraft performance. 

(4) Turbulence which affects in-flight air- 
craft performance. 

(5) Climatic considerations which influ- 
ence the selection of operating airfields and air 
routes. 

(6) Weather factors which affect the 


efficiency of special aviation weapons and sys- 
tems. 

b. Nature of Services. The Air Weather Ser- 
vice is responsible for providing meteorological 
^requirements for Army aviation (figs. 1-1 
and 1-2). The extent of this service varies con- 
siderably to meet the peculiar requirements of 
each command being served and each operation 
and mission within the command. Weather 
support service is most effective when the 
weather personnel know the mission, capabili- 
ties, plans and procedures of the organization 
they serve. The demands placed upon the 
weather support organizations will be most re- 
alistic when commanders and personnel using 
the meteorological services understand the 
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Figure 1~2. Mobile weather observatwu equipment , 


■ scientific principles of meteorology and 
rnize the capabilities, and the limitations, 
il>ecific weather support organization. 

.Military Weather Service 

litary weather service has two basic func* 


2^0 Obse^'ve and Report Weather Data, 
includes reports of current weather condi- 
(fig. 1-8), 'j^predictions of anticipated 
'ner conditions, and climatological studies 
weather probabilities applied to specific 
ling requirements. This function is per- 
&<3. through the collection, analysis, and in- 
etation of weather data at all required 
ivailable altitudes within and adjacent to 
of operational significance. 

IZ’o Advise Commander's and Staff Officers 
'Gather Factors. This includes presenting 
interpreting forecasts of weather condi- 
:for mission planning and execution, and 
ding climatological probabilities of occur- 
of weather conditions required for the 
-fcion of planned operations. 


1~6. United States Meteorological 
Services 

a. V,S. Weather Bureau. The U.S. Weather 
Biii’eau i.s responsible for providing the general 
public with weather information concerning 
conditions that affect their welfare. This ser- 
vice is made available by different means of 
commercial facilities. At civil airports, the 
Army aviator has access to Weather Bureau 
services within the continental United States 
and its possessions. The Weather Bureau also 
operates the National Meteorological Center, 
which provides basic weather analysis charts 
and prognostic charts for general meteorologi- 
cal use by all the weather services. 

b. Flight Service Stations. The Federal Avi- 
ation Agency (FAA) maintains flight service 
stations throughout the United States to assist 
the aviation field with navigation, radio com- 
munications, and flight planning. These sta- 
tions make supplementary weather observa- 
tions and transmit their weather reports over 
PAA teletype circuits. Other teletype weather 
information (forecasts, NOTAMS, PIREPS, 
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,dvisories, etc.) is available in flight service 
tations for aviation weather briefings. These 
tations also broadcast scheduled weather re- 
orts by radio every hour (HH + 16).'^ 
c. Air Weather Serviee. The Unification Act 
f 1947 provided for the Air Weather Service 
f the United States Air Force. Upon agree- 
lent between, the services, the Air Weather 
ervice was assigned the responsibility of 


providing required weather support to the 
United States Army, less ballistic meteorologi- 
cal support (figs. 1-4® and 

d. Naval Weather Service, The United 
States Navy operates a weather service to meet 
the specific requirements of naval air and sur- 
face operations. The Amy aviator may use the 
Naval Weather Service when appropriate, 


4 
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'^Figure i-^(T>. Typical weather briefing room at Army airfield (sheet 1 of Z). 
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CHAPTER 2 

THE ATMOSPHERE 


Section I. 

2'-1. General 

a. The atmosphere is the great envelope of 
air which surrounds the earth. Over one-half 
of the air, by weight, is within the lower 
18,000 feet of the atmosphere; the remainder 
is spread out over a vertical distance in excess 
of 1,000 miles. No definite outer atmospheric 
boundary exists: the air particles become less 
numerous with increasing altitude until they 
gradually overcome the earth’s gravitational 
force and escape into space. The atmosphere 
rotates with the earth in space as a gaseous 
outer cover on the terrestrial ball. 

h. Within the atmosphere, another type of 
air movement occurs in addition to the rotation 
of the air with the earth. Differences in the 
temperature of the earth's surface affect the 
density of the atmosphere and cause a contin- 
uous internal air movement called circulation 
(chap. 4), 

The standard atmosphere covered in this 
I'M is in agreement with STANAG 4044 (Edi- 
tion 2). 

2-2. Composition 

a. Gases. A given volume of dry air contains 
approximately 78 percent nitrogen, 21 percent 
oxygen, 1 percent argon, carbon dioxide, and 
minute amounts of other gases (fig. 2-1). Nat- 
ural air contains, in addition to the gases pre- 
sent in dry air, a variable amount of water 
vapor (gaseous water), most of which is con- 
centrated below 80,000 feet. The maximum 
amount of water vapor the air can hold de- 
pends primarily on the temperature of the air ; 
the higher the temperature, the more water 
vapor it can hold. 


GENERAL 

b. Impurities. Air contains variable amounts 
of impurities such as dust, salt particles, and 
products of combustion. These impurities are 
important because of their effect on visibility 
and especially because they act as nuclei for 
condensation of water vapor; e.g., the forma- 
tion of clouds and fog. If the air were abso- 
lutely pure, there would be little condensation. 

2-3. Structure 

a. Weight. Although extremely light and 
elastic, air has weight. Because of its weight 
the atmosphere, under standard conditions, 
"j^exerta a pressure of approximately 14,7 
pounds per square inch at sea level (para. 
2-170.). 
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0. Layers. Figure 2.2 illustrates the division 
of the atmosphere into concentric layers. The 
troposphere is the layer closest to the earth; 
most of our weather occurs in this layer. Next 
are the stratosphere, ionosphere, and exos- 
phere. The troposphere varies in height from 
an average of 60,000 feet above sea level over 
the Equator to 26,000 feet over the poles. Its 
height also varies with seasons ; it is higher in 
summer than in winter. In the Temperate 
Zones, it is about 35,000 feet above sea level. 
The boundary zone between the troposphere 
and the stratosphere is known as the tropo- 
pause. The jet stream is generally located near 
the tropopause. 
e. Weather Elements. 

(1) Weather may be defined as the state 
of the meteorological elements in the atmo- 


sphere. The six major meteorological elements 
that interact in various combinations to prod- 
uce weather are — air temperature, humidity, 
clouds, precipitation, atmospheric pressure, 
and wind. Normally, only air temperature, at- 
mospheric pressure, and wind will be found 
above the troposphere. The remaining ele- 
ments (humidity, clouds, and precipitation) 
are. restricted to the troposphere because they 
require the presence of some form of water — 
either as a vapor, a liquid, a solid, or as combi- 
nations of these. 

(2) Since the main weather hazards to 
flight (icing, hail, low visibility, low ceilings, 
and most turbulence) exist only where mois- 
ture is available, these conditions are primarily 
associated with processes occurring in the tro- 
posphere. 


Section II. TEMPERATURE AND HEAT ENERGY 


2-4. Temperature Measurement 

According to the molecular theory of matter, 
all substances are composed of minute mole- 
cules which are in more or less rapid motion. 
Temperature is a measure of the average veloc- 
ity of the molecules; as the velocity of molecu- 
lar motion increases in a substance under con- 
stant pressure, the temperature of the sub- 
stance increases. Temperature changes effected 
by pressure changes are discussed in chapter 5. 

a. Measurement. Air temperature is usually 
measured with a liquid-in-glass thermometer. 
Other types of thermometers are used for re- 
cording surface and upper air temperatures. 

b. Scales. Two fixed temperatures — the 
melting point of ice and the boiling point of 
water (at standard pressure) — are used to cal- 
ibrate thermometers. The two scales in com- 
non T^-use are centigrade (or Celsius) and 
Fahrenheit, The centigrade scale was devised 
jy Anders Celsius during the 18th century, 
The terms ^‘centi grade scale” and "degrees cen- 
igrade” have been used for many years; how- 
ver, the accepted terminology now is "Celsius 
cale"’ and "degrees Celsius,” The relation- 
hip of the fixed points on each scale is shown 
1 figure 2-3. Army aviators occasionally find 


it necessary to convert temperature readings 
from one scale to another because surface tem- 
peratures are given in the Fahrenheit scale 
and Army aircraft are equipped with centi- 
grade thermometers. To convert from centi- 
grade to Fahrenheit, use the equation; 

9/6 (®C+40)-40; or, mentally, double the 
centigrade reading, subtract one-tenth of this 
product, and add 32. To convert from Fahren- 
heit to centigrade, use the equation: (7 >=6/9 
(°F+40)-40. 

2-5. Temperature Variation With 
Altitude 

a. There will normally be an overall de- 
crease of temperature in the troposphere as an 
aircraft gains altitude because the air nearest 
the source of heat (the earth) receives the 
largest amount of energy. The variation in 
temperature with altitude is called the temper- 
ature lapse rate and is usually expressed in de- 
gree per thousand feet. On one day, the air 
may cool 8® C. for each thousand feet gained 
in altitude. Another day may show a decrease 
of I'' C. per thousand feet, A third day may re- 
veal the temperature increasing for a distance 
of one or two thousand feet above the ground 
(an example of an inverted lapse rate or inver- 
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sion), and thereafter cooling at the rate of 3° 
C. per thousand feet. If such observations 
taken day after day over thousands of loca- 
tions on the earth were averaged, the average 
lapse rate would be about 2° C, per thousand 
feet. 

b. Variation of the lause rate is the main 


reason that temperatures aloft are normally 
measured twice daily. Valuable information 
can be determined from observations aloft, 
such as — 

(1) Levels at which freezing tempei'a- 
tures (possible icing hazards) occur. 
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Figure 2~2* The eartfCs atmosphere. 
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Figiort' 2-.L Temper ature scales. 


(2) Types of clouds that will form. 

(3) Maximum aud minimum surface tem- 
peratures for the day. 

(4) Degree of turbulence in the air (im- 
portant to flight) , 

c. Rate of cooling varies from day to day 
depending upon the amount of heat reaching 
the earth, the amount escaping from the earth, 
and the type and amount of advecMon (warmer 
or colder air moving into the area from other 
regions) . 

2-6, Temperature Inversions 

When the temperature increases with alti- 
tude within a layer in the atmosphere, this 
layer is called an inversion (inverted lapse 
rate) . Inversions vary in thickness from a few 


feet to several thousand feet and may occur in 
a layer of the troposphere at any altitude from 
the surface to the stratosphere. Inversions 
occur frequently, but are generally restricted 
to relatively small layers in the atmosphere. 
Normal and inverted temperature/aliitude 
relationships are represented graphically in fig- 
ures 2-4 and 2-5. Inversions near the earth’s 
surface may be formed as follows: 



Figure 2-h. Temperature /altitude relationship. 



Figure 2—5. An hiversion aloft, 

(at 3,000 to 4,000 foot) 

a. Advection of Warm Air Over a Colder 
Surface, Wind may move a mass of air from 
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a warm region over a colder surface, such as 
wind from the warm ocean moving over the 
colder land area during the winter season. The 
air will be cooled quickly at the surface by con- 
tact with the cold land mass, while the air at 
and above 1,000 feet will not be affected for 
several hours. Thus the surface air will be 
colder than the air aloft, producing an inverted 
temperature lapse rate (line B, fig. 2-4) . 

h. Nocturnal Cooling. A more frequent type 
of inversion is caused when the earth cools at 
night under clear skies. During the afternoon 
hours, the ground is warm and a normal de- 
crease in temperature with altitude generally 
exists. However, as the sun sets, the ground 
loses its heat to space through terrestrial radia- 
tion. This rerad iati on is not absorbed in sig- 
nificant quantities by clear, dry air. As the 
ground becomes colder, the air immediately 
above it is cooled by contact {coyiduction) ; 
since air is a poor conductor, this cooling does 
not extend very high. The air near the sur- 
face may become cool by 2400 hours, whereas 
the temperature of the air at 100 feet may still 
be as warm as it was during the afternoon 
hours, thus inverting the typical afternoon 
temperature lapse rate. As the surface cooling 
continues, the inversion layer deepens (fig. 
2 - 6 ), 

(1) With relatively strong winds over 
land, the mechanical turbulence from 
air moving over the rough surface 
may thoroughly mix the warm and 
cool air near the surface so that no 
well-defined inversion exists near the 
ground, although an inversion may 
exist several hundred feet above the 
ground (figs. 2-6 and 2-7) . 

(2) Inversion layers are stable and pro- 
duce smooth flying conditions within 
them; however, fog, haze, smoke, and 
dust below and within inversion lay- 
ers often restrict visibility. If skies are 
overcast, nocturnal cooling is reduced 
(greenhouse effect, par. 2-10a.(3)), 
and it is unlikely that a nocturnal in- 
version will form. 

'Note, Inversions aloft are also caused by 
frontal activity (par. 7-2a), by subsidence in 
areas of high pressure (par. 4/lOrf), and by 
warm air advection aloft (par. 14-66). 



TEMPERATORI (DEGREES CENTIGRADE) 
(T) '800 lOCAl standard TIME 



TEMPERATURE (DEGREES CENTIGRADE) 
2400 LOCAL STANDARD TIME 



0600 LOCAL STANDARD TIME aavn207 


Figure 2-8. A nocturnal inversion. 
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Figure ^-7. A nocturnal inversion mth moderately 
strong S7trface loind. 


2-7. Free Air Temperature 

Temperatures used in aviation meteorology 
are those of the free air. Free air temperature 


measuring instruments are housed so that they 
are not in direct contact with sunlight. This 
housing also minimizes other effects which 
might cause inaccuracies in the readings. 

Note. Measurement of outside air temperatures with 
standard aircraft thermometers is influenced by several 
factors (radiation, air pressure, and friction) which 
tend to decrease the accuracy of the indicated tempera- 
ture. These factors may cause the reading to differ 
from the true free air temperature by more than 5“ F. 


2'-8. Temperature Variation On the Earth's 
Surface 

Three important factors responsible for tem- 
perature variation on the earth’s surface are 
the earth’s daily rotatioti about its axis, yearly 
revolution around the sun, and variations in 
land mass and water 77iass heating. 

a. Daily Rotation. Daily surface heating 
and cooling results from the earth’s rotation 
about its axis (fig. 2-8). As the earth turns, 
the side facing the sun is heated and the side 
away from the sun is cooled. Generally the 
lowest temperature occurs near sunrise, and 
the highest temperature is between 1300 and 
1500 hours. 

1). Yearly RevoUttion. The effects of the 
yearly revolution around the sun are modified 
by the tilt in the axis of the earth. Areas 



Figure 2~8. Daily heating and cooling 
of the earth’s surface. 
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under the direct or perpendicular rays of the 
sun receive more heat than those under the 
slanting rays (fig. 2-9). The slanting rays 
pass through more of the atmosphere, which 
absorbs, reflects, and scatters the sun’s energy 
— fewer of these slanting rays reach the sur- 
face of the earth and the lower atmosphere. 
This accounts for the difference in the warmth 
of sunlight at 0800 when the rays are slanting, 
and at midday when they are more nearly per- 
pendicular. 

(1) Each year the perpendicular rays of 
the sun migrate from 231 / 2 “ north lati- 
tude (June 21) to 23i/^° south latitude 




(December 22), causing the seasons of 
the Northern and Southern Hemi- 
spheres. The warmest weather of the 
Northern Hemisphere comes 30 to 40 
days after June 21 (see also tempera- 
ture lag, glossary), when the most 
heat has been absorbed from the sun. 
This is the cold season in the Southern 
Hemisphere. 

(2) The migration of the perpendicular 
rays of the sun results from the rev- 
olution of the earth around the sun 
while the earth’s axis is tilted 231 / 2 " 
and remains parallel to its previous 
positions (fig. 2—10). The perpendic- 
ular rays of the sun strike the earth’s 
surface at 231 / 2 " north latitude on 
June 21, at the Equator on September 
22, at 231 / 2 ° south latitude on Decem- 
ber 22, and at the Equator again on 
March 21. 

(3) Unequal duration of daylight con- 
tributes to the uneven distribution of 
heat. Each pole has 6 month.s of day- 
light and 6 months of night each year 
(fig. 2-10). On June 21, all territory 
within the Arctic Circle has 24 hours 
of daylight; on December 22, all terri- 
tory within the Arctic Circle has 24 
hours of darkness or twilight. For 
any given latitude, long days produce 
maximum heating and long nights pro- 
duce maximum cooling. 

<?. Variatious in Land Mass and Water Mass 
Heating. Land areas heat and cool more rap- 
idly than water areas; water tends to have a 
more uniform temperature throughout the year. 
During the night, water I’etains its warmth 
while the land mass rapidly loses its heat to 
space. This difference between land and water 
heating rates also influences seasonal tempera- 
tures. In winter, oceanic climates are warmer 
than continental climates at the same latitude; 
in summer, the oceanic climates are cooler. 
Seattle, Wash., for example, has far warmer 
winters and somewhat cooler summers than 
Fargo, N. Dak., which is at the same latitude 
but farther inland. 

(1) Water surfaces heat more slowly than 
laud surfaces for the following rea- 
sons: 
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Figure 2-10. Effect of inclination of the earth on seasons. 


(a) In early morning and late after- 
noon, water surfaces reflect more 
solar radiation than land surfaces 
reflect. 

(b) Sun’s rays penetrate 30 feet or 
deeper into water surfaces, but may 
aflfect only 4 inches of land surface. 

(c) Ocean currents and turbulence with- 
in the water distribute the absorbed 
solar energy over large areas. 

(d) The specific heat of water is four 
times that of land; that is, four 
times as much heat is required to 
raise the temperature of a given 
mass of water one degree as is re- 
quired to raise the temperature of 
an equal mass of land one degree. 
Diiferent speciflc heats result from 
variations in the molecular struc- 
ture of the two substances. 


(e) Evaporation, which is a cooling 
process, occurs over water surfaces. 

(2) Water I’etains its temperature longer 
than land chiefly because it heats to 
greater depths. Only the top few 
inches of a land surface radiate heat 
during the night. However, as water 
at the surface cools, it sinks and is 
replaced by warmer water from below. 
This movement of the water keeps the 
surface warm throughout the night. 


2-9. local Heat Distribution 

Local surface temperature variations may be 
caused by cloudiness or by the nature of a par- 
ticular surface. 

a. Clouds are excellent reflectors of solar 
radiation; also they are a factor in the reten- 
tion of terrestrial radiation (fig. 2-11) . 


-8 



10 June 1963 


TM 1-300 




\ 


V'igure 2—11. Reflection and absorption 
of radiation bp clouds. 


b. The earth's color, texture, and vegetation 
coverage influence the rate of heating and cool- 
ing. Generally, dry surfaces heat and cool fast- 
er than moist surfaces. Plowed fields, sandy 
beaches, and paved roads become hotter than 
surrounding meadows and wooded areas. Dur- 
ing the day, air is warmer over a plowed field 
than over a forest or swamp; during the night, 
the heat distribution is reversed. 

2-1 0. Methods of Heat Transfer 

When a solid object or a given volume of 
liquid or gas loses more heat energy than it 
gains, its temperature decreases; when it ac- 
quires more heat energy than it loses, its tem- 
perature increases. At times, a complete 
change in the character of the weather occurs 
over land areas between early morning and 
midafternoon. This change takes place as a 
result of the heating and cooling of the earth 
and its atmosphere. The four effective methods 
of heat transfer in the heating and cooling of 
the earth and its atmosphere are radiation, 


duction, convection, and advection. (See aLso 
Cooling processes, major, glossary.) 

a. Radiation (Solar and Earth). Radiation 
is the process by which energy is transferred 
through space or through a material medium 
from one location to another in the form of 
electromagnetic waves. The high-frequency 
energy radiated by the sun is the primary 
source of weather phenomena on the earth. As 
energy passes through the atmosphere, about 
42 percent is reflected back to space, about 16 
percent is absorbed near the earth's surface, 
and about 43 percent reaches the surface. The 
16 percent absorbed by the atmosphere has only 
a minor effect on atmospheric temperature. 
Primarily, the earth gets its heat from the 43 
percent that reaches its surface, 

(1) InsoUition. The sun is the sole source 
of the heat energy that affects weath- 
er. Heat energy supplied by the sun 
is in the form of radiant energy called 
insolation (incoming solar radiation), 
the majority of which is short wave 
radiation not absorbed by the atmos- 
phere. The earth's surface is heated 
as it absorbs this radiant energy. The 
amount of insolation absorbed by the 
surface of the earth is affected by 
the — 

(a) Inclination of the plane of the sun's 
rays to the plane of the horizon, 

(&) Distance of the earth from the sun. 

(c) Duration of daylight. 

(d) Character of the earth's surface. 

(e) Amount and type of clouds and im- 
purities present. 

(2) Terresti'ial radiation. Because the 
earth's surface absorbs heat, it also 
radiates heat. The long wave radia- 
tion from the earth’s surface is known 
as terrestrial radiation. Since low 
frequency, long wave radiation pos- 
sesses a low penetration quality, the 
impurities in the atmosphere absorb 
a considerable amount of the earth's 
radiated heat. The reradiation proc- 
ess is fundamental to the heating of 
the earth's atmosphere. Since out- 
going radiation remains in balance 
with incoming radiation, the earth be- 
comes neither incandescent nor frozen. 
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(3) Gree7i}mi8e effect. Greenhouse effect 
refers to the ability of water vapor, 
smoke, haze, and particularly clouds 
to reduce or prevent the cooling of the 
earth during the night. These impuri- 
ties to dry air readily absorb low-fre- 
quency terrestrial radiation and re- 
radiate it to the earth. Thick over- 
cast clouds return practically all of the 
terrestrial radiation, and the air tem- 
perature below them may drop as little 
as 2° F. during an entire night. These 
clouds produce an effect on radiation 
similar to that produced by the glass 
top on a greenhouse. They allow a 
large portion of high-frequency insola- 
tion to pass through and heat the 
earth, but they block the passage of 
low-frequency terrestrial radiation 
and retain the heat below them. High 
concentrations of water vapor and 
smoke cause a partial greenhouse ef- 
fect and may also noticeably reduce 
nocturnal cooling. 

h. Conduction. Conduction is the transfer 
of heat by contact. This process is important 
in meteorology because it causes the air close 
to the surface of the earth to heat during the 
day and cool during the night. However, air 
is a poor conductor (as shown by the use of 
dead airspace in thermopane glass and by air- 
space insulation in buildings), so only the air 
temperature at the immediate surface of the 
earth is affected directly by conduction. 

c. Convection. When a parcel or mass of 
air moves upward or downward in the atmos- 
phere, it carries its heat energy with it. This 
vertical movement of air produces the method 
of heat transfer known as convection, which is 
classified as tke^'Mol or meckanical, 

(1) Thei'mal convection. The surface air, 
after being heated by conduction and 
terrestrial radiation, expands in vol- 
ume and decreases in density. Be- 
cause of expansion, a portion of the 
warmer, lighter column of air over- 
flows aloft, thereby decreasing its own 
pressure at the surface and at the 
same time increasing the surface pres- 
sure of the adjacent cooler air. This 
causes a lifting of the warmer, lighter 
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air column by the heavier, cooler, set- 
tling air which flows in and displaces 
the warm air at the surface. The 
warm surface air, expanded and there- 
fore less dense, is like a cork that is ^ 
held under water; i.e., it is unstable 
and tends to rise. The rising and 
descending air of this nature is re- 
ferred to as theimal convection, since 
the convection is produced by a tem- 
perature contrast within the air layer. 
Sti'ong thermal convective currents 
occur most frequently during the 
afternoon when surface heating and 
temperature contrasts are greatest; 
i.e., between water and land, plowed 
fields and grassy areas, swamps and 
rocky terrain, or in regions where the 
surface is extremely hoi. The vertical 
movement of the air displaces aircraft 
flying through it and produces turbu- 
lence in varying degrees of intensity, 
generally strongest during the hours 
of maximum surface heating. 

(2) Mechanical coyivection. Air passing 
from one side of a mountain range to 
the other side is forced into the ver- ( 
tical movement by the mechanical lift- 
ing from the land surface (orographic 
lifting) . Flights over mountainous 
areas are frequently bumpy and tur- 
bulent because of mechanical convec- 
tion. In areas where clouds are form- 
ing on the windward side of a slope, 
both thermal and mechanical convec- 
tion often occur. The air is lifted or- 
ographically until it becomes warmer 
than the surrounding air at the same 
altitude, and then continues to rise by 
thermal convection. (See also level of 
free convection in paragraph 5-6^^,) 
This action forms large billowy clouds 
and even thunderstorms when large 
amounts of water vapor are present. 
d. Advection. The horizontal movement of 
air (wind) is called advection (compare with e 
below). Advection, like the other methods of > 
heat transfer may produce either a heating or ’ 
a cooling effect in a given area. This heating 
and cooling is most noticeable in the Temperate 
Zone during the winter months when cold and 
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wai’in air masses alternately affect a given lo- 
cation, but advection occurs during all seasons. 

(1) The movement of colder air into an 
area called cold air advection. During 
the winter months, for example, 
masses of cold air from Canada i^re- 
dominate in Central and Eastern 
United States. The movement of this 
cold Canadian air southward is cold 
air advection. Cold air advection 
usually produces good flying weather 
except during the winter on the lee 
sides of relatively large water bodies 
such as the Great Lakes. 

(2) The movement of warmer air into an 
area is called warm air advection. 
During the winter months, for exam- 
ple, masses of warm air from the Gulf 
and Atlantic may affect areas in 
Southern and Eastern United States. 
The movement of this warm air north- 

Section III. 

2-11. Moisture Changes 

Most weather hazards that interfere with the 
operation of aircraft are associated with water 
in one of its three states — vapor, liquid, or 
solid. Water vapor is water in the gaseous 
state and is not visible. When it changes into 
liquid water droplets, it becomes visible as 
clouds, fog, dew, rain, or drizzle. Some water 
droplets, remaining in the liquid state at tem- 
peratures well below freezing, change into ice 
only when disturbed by an outside force, such 
as an aircraft wing. These water droplets are 
supercooled and cause structural icing on air- 
craft. Water in the solid state appears either 
as frozen water droplets or as ice crystals, such 
as snow. 

a. Evaporation. Evaporation is a change 
of state from a liquid to a gas. According to 
the molecular theory, all matter consists of 
molecules in motion. The molecules in a bot- 
tled liquid are restricted in their motion by the 
walls of the container. On a free surface ex- 
posed to the atmosphere, the motion of mole- 
cules in the liquid is restricted by the weight 
of the atmosphere {atmospheric pressure ) . 
The velocity of the liquid molecules causes them 
to escape from the surface of the liquid into 


ward is warm air advection. The ad- 
vection of warm moist air over land 
during the winter is characterized by 
low overcast clouds and restricted visi- 
bility. 

e. Advection and Isotherms. An isotherm 
is a line connecting points of equal tempera- 
ture. The horizontal flow of air across iso- 
therms is a type of advection. Wind flowing 
from the cold air side of the isotherms across 
to the warm air side produces cold air advec- 
tion, since cold air is moving into an area pre- 
viously occupied by warm air. Wind flowing 
across isotherms from the warm air side to the 
cold air side produces loarm air advection. 
Warm air advection at the surface results in 
the air being cooled from below. Cold air ad- 
vection at the surface results in the air being 
heated from below. This heating and cooling 
from below is a major governing factor in the 
analysis of air mass weather (ch. 6) . 

MOISTURE 

the atmosphere as a vapor. As the tempera- 
ture of the liquid is increased, the speed of the 
molecules is increased, and the rate at which 
the molecules escape from the surface is also 
increased. During the process of evaporation, 
liquid water at a temperature of 100 C. will 
ab.sorb approximately 540 calories of heat en- 
ergy per gram as it turns to vapor at a tem- 
perature of 100° C. The caloHe (a unit of heat 
energy) is the heat required to raise the tem- 
perature of 1 gram of water 1° C. under stand- 
ard conditions. This energy is required to keep 
the water molecules in the vapor state, but does 
not affect the temperature of the water. Evap- 
oration has a cooling effect on the immediate 
area in which the process is occurring. The 
heat energy required to effect the change in 
state from liquid to vapor must be taken from 
the environment in which the evaporation is 
taking place. For example, warm dry air 
moving through an evaporative air conditioner 
supplies heat to evaporate the water inside the 
air conditioning unit. The temperature of the 
water inside the unit does not change, but the 
air coming from the unit has lost heat energy 
to the evaporating water and is cool and humid. 
A similar cooling process occurs to the air 
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in the atmosphere when clouds or fog evap- 
orate, 

h, Condensation. Condensation is the change 
of state from a gas to a liquid. Water vapor at 
100® C. contains approximately 640 calories 
per gram more heat energy than liquid at the 
same temperature (a above). Since energy 
cannot be destroyed, the formation of water 
droplets from the vapor must release this quan- 
tity of heat energy to the environment. The 
process of condensation has a heating effect. 
In the atmosphere, condensation normally les- 
sens the cooling effects of other processes (par. 
6-46). The latent heat energy released from 
the condensation in a single cloud may involve 
billions of calories. This energy produces the 
force required to develop the extreme winds 
and turbulence in thunderstorms, tornadoes, 
and hurricanes, Impurities must also be pres- 
ent in the atmosphere to act as a nucleus around 
which fog and cloud droplets can form. If air 
is free of impurities it can be cooled well below 
its normal capacity for maintaining its mois- 
ture in vapor state (supersaturation), but con- 
densation does not occur. 

0 , Sicblimation. The direct change of state 
from solid to vapor and vice versa, without 
passing through the intermediate liquid state, 


is called snblimatmi. This process takes place 
at temperatures below 0° C. and is similar to 
evaporation and condensation in that latent 
heat is liberated when solidification takes place 
and is absorbed when evaporization occurs. At 
temperatures below 0° C,, ice or snow can sub- 
limate directly into the air as water vapor, and 
when the required nuclei are present, the water 
vapor can sublime directly into ice crystals. 
Figure 2-12 illustrates the heat exchanges in- 
volved in the process of evaporation, condensa- 
tion, and sublimation. 

d. Heat Exchange. The amount of heat nec- 
essary to melt ice (heat of fusion) is 80 calories 
per gram of ice. As much heat is needed to 
change ice at 0° C. to water having the same 
temperature as is needed to heat the resulting 
water from 0® to 80® C. (fig. 2-12). Heat 
energy is also required to convert liquid water 
into vapor. At normal atmospheric tempera- 
tures, this requirement is about 600 calories 
per gram (690 calories per gram at 0® C. and 
640 at 100® C.) . Vapor condensing into water 
at normal atmospheric temperatures gives off 
about 600 calories of heat. This heat is called 
the latent heat of vaporization (or latent heat of 
condensation) . For example, in the ordinary 
steam heating system, the steam produced in 


MOISTURE CHANGES OF STATE AT 0° CENTIGRADE 



♦APPLIES TO CHANGES SHOWN ABOVE BROKEN LINE 
♦♦APPLIES TO CHANGES SHOWN BELOW BROKEN LINE 


Figure 2-12, Heat exchanges. 
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the boiler gives off its heat of condensation to 
the radiator in which it condenses ; the heat is 
radiated from the radiator into the room. 

2“12. Water Vapor Content 

a. Saturation. Saturation is a condition that 
exists when air at a given temperature and 
pressure is holding the maximum possible water 
vapor content. In the atmosphere, saturation 
occurs by (1) evaporation into the air from a 
free water surface (ocean, lake, river, rain- 
drops) until vapor pressure equilibrium ((1) 
below) between the water and the air is 
reached; or (2) lowering of the air tempera- 
ture, thereby decreasing the saturation vapor 
pressure until it is the same as the actual vapor 
pressure of the water vapor in the air, 

(1) A condition near saturation must be 
reached before condensation will occur. 
In a vessel partially filled with water, 
and with a stationary column of air 
above it, the water molecules escape 
into the air and continue their motion 
as water vapor. These vapor mole- 
cules, because of their motion, exert 
an increased pressure (called the par- 
tial pressure of the water vapor in the 
air column) back on the liquid surface. 
The partial pressure of the water vapor 
is independent of the partial pressures 
of the other gases in the air. The rate 
at which the molecules from the air 
enter the liquid water surface depends 
upon the frequency with which they 
strike the surface, which in turn de- 
pends upon the number and velocity 
of the water molecules in the air (the 
partial pressure of the water vapor in 
the air) . As more and more molecules 
enter the vapor state, some will return 
to the liquid surface. When a condition 
of equilibrium is reached wherein the 
number of molecules leaving the liquid 
equals the number returning, the space 
above the liquid is said to be saturated 
and the pressure exerted by the water 
vapor molecules is called the saturation 
vapor pressure for the particular air 
and water temperature existing, When 
the air temperature is raised, the num- 
ber of molecules necessary for satura- 


tion and their individual velocities ai’e 
increased, thus raising the saturation 
vapor pressure of the air; i.e., the air 
is able to hold more vapor molecules 
and is no longer saturated. 

(2) As saturation in the atmosphere is 
approached, the presence of nuclei, 
such as those of dust and salt particles, 
is required to promote the actual con- 
densation of the water vapor into 
liquid. 

(3) Water vapor is a universal constituent 
of the atmosphere. There is a limit to 
the quantity of water vapor which can 
be contained in a given volume of air. 
If more and more water vapor is in- 
jected into a container of air, a condi- 
tion will be reached in which the water 
will condense as fog in the container 
or as dew on its walls. If more water 
vapor is added, more will condense, 
and the total amount of vapor in the 
container will remain unchanged. The 
air in the container is then said to be 
saturated with water vapor. 

(4) The quantity of water vapor in a satu- 
rated volume of air depends on the air 
temperature. The higher the tempera- 
ture of the ail', the greater is the tend- 
ency for liquid water to turn into 
vapor. At a higher temperature, more 
vapor must be injected into the given 
volume of air before the saturated 
condition will be reached. Conversely, 
cooling the saturated air will force 
some of the vapor to condense, and 
the quantity of vapor present will 
diminish. 

&. Deu) Point. The dew point is that tem- 
perature to which air (at constant pressure and 
with constant water vapor content) must be 
cooled to become saturated. For example, if the 
air temperature were 60° F, and the dew point 
50° F., the air would be saturated if cooled to 
50° F. If the air were further cooled to 49° F„ 
it could no longer hold all the water vapor pres- 
ent — some of it would be virtually “squeezed 
out'* in the form of liquid water ; condensation 
would have taken place. If this cooling took 
place only in the fraction of an inch or so of 
the air above the ground, dew would form; 
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however, it is more likely that the cooling will 
affect a deeper layer of the lower troposphere 
and fog will form, The dew point is important 
to the Army aviator because it indicates the 
temperature at which fog will normally start to 
form. When the air is saturated, the relative 
humidity is 100 percent; if the air is not sat- 
urated, the temperature is a higher value than 
the dew point and the relative humidity is less 
than 100 percent. The greater the spread be- 
tween the temperature (T) and the dew point 
(Td), the more remote is the possibility of fog 
formation. Generally, condensation will not 
occur when the spread exceeds 4'" P, 
c. Specific Humidity. 

(1) The moisture content of the air can be 
measured by expressing the humidity 
as the amount of water vapor (in 
grams) contained in one kilogram of 
natural air. This is called the specific 
Immidity, A kilogram of air will carry 
the same number of grams of water 
vapor with it wherever it goes, unless 
more water vapor is added by evapo- 
ration or removed by cooling and con- 
densation. The moisture content can 
also be expressed as a weight per unit 
volume (absolute humidity), but this 
ratio would change any time the at- 
mospheric temperature or pressure 
changed. 

(2) The Army aviator should be able to 
interpret and recognize the signifi- 
cance of specific humidity (high or 
low). The greatest quantity of water 
vapor for condensation and/or sublim- 
ation is available in air masses having 
a high specific humidity. To an aviator 
the temperature of the dew point (T,i) 
is an indicator of the quantity of mois- 
ture in the air; the higher the dew 
point, the greater the amount of mois- 
ture in the air. In the normal range 
of temperatures over the surface of 
the earth, a doubling of the moisture 
content of the air is represented by an 
approximate 20^ P. rise in the dew 
point (fig. 2-13). If, for example, a 
kilogram of air with a dew point of 
60*" P. contains 11 grams of moisture 
(water vapor), a kilogram of air with 


a dew point of 80 F. contains about 
22 grama of water vapor. Conversely, 
if a satui'ated parcel of air at 80“ P. 
is cooled to 60“ F., 11 grams of water 
would have to be released through the 
condensation process. This condensa- 
tion gives off heat energy to the atmos- 
phere, and the heat energy may be 
realized as turbulence in clouds. 
d. Relative Humidity. Most of the atmos- 
phere is not saturated ; it contains less than the 
maximum possible quantity of water vapor. 
For weather analysis, it is desii’able to be able 
to express how nem'the air is to being saturated. 

(1) Relative humidity (RH) is defined as 
the ratio of the amount of water vapor 
contained in the air to the amount of 
water vapor that the air would contain 
when saturated at the same tempera- 
ture. It is expressed as a percentage, 
with saturated air having 100 percent 
relative humidity, 

(2) Relative humidity is related to the 
spread (difference) between the tem- 
perature (T) and the dew point (T.i). 
The temperature of the dew point is 
raised by increasing the actual mois- 
ture content of the air — actual vapor 
pressure. If the Ta were exactly equal 
to the T, the air would be saturated. 
The actual air temperature, therefore, 
controls the maximum amount of mois- 
ture the air could contain — saturation 
vapor pressure. Thus the equation for 
relative humidity may be expressed 
as — 

RH=:100X actual vapor pressure 

saturation vapor pressure. 

(8) For example (fig. 2-13), and air parcel 
with T of 80“^ F., T,, of 60“ F., and RH 
of 60 pei’cent has a saturation vapor 
pressure corresponding to T=:80° F.; 
however, it can hold twice as much 
water vapor as is present since the 
relative humidity is BO percent. An 
RH of 100 percent can be obtained by 
increasing the amount of water (water 
vapor) in the air until T^ has been 
raised to 80“ F. ; an RH of 100 percent 
can also be reached by cooling the tem- 
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LEGEND 


• DRY AIR MOLECULES 

# WATER VAPOR MOLECULES 

* WATER DROPLETS 



SATURATED AT 60® 

DEW POINT ALSO 60® 
RELATIVE HUMIDITY 100%. 



AIR WARMED TO 80® BUT 
NO MOISTURE ADDED. 

AIR NOW UNSATURATED- 
DEW POINT REMAINS 60® 
THEREFORE, THIS REDUCES 
THE RELATIVE HUMIDITY 
APPROXIMATELY 50%. 



AIR REMAINS AT 80®. 
MORE MOISTURE EVAPO- 
RATED INTO VOLUME. 
air ONCE AGAIN SATU- 
RATED. 

DEW POINT NOW 80®. 
RELATIVE HUMIDITY 100%. 



AIR COOLED TO 60® 

STILL SATURATED. 

DEW POINT AGAIN 60®. 

50% OF WATER VAPOR 
CONDENSED INTO WATER 
DROPLETS WHICH ARE NO 
LONGER A PART OF 
THE AIR. RELATIVE HUMIDITY 
REMAINS AT 100%. 
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20® F. RISE IN DEW POINT! 

Figure 2-13, Diagrammatio ilbistration of dexv point. 


SPECIFIC HUMIDITY 
APPROXIMATELY DOUBLED. 


perature to 60° F. Although the satu- 
rated parcel of air at 60° P. contains 
only one-half the moisture that the 
saturated parcel of air of 80° F. con- 
tains, both of the parcels have 100 
percent relative humidity — a relative 
value depending upon the percentage 
of saturation. 

e. Mixing Ratio. When air rises, it expands 
and contains feiver molecules per cubic meter. 
Mixing ratio is the method of indicating the 
moisture content of the air so that the ratio of 
water vapor to air will not change when the 
atmospheric pressure or temperature changes. 
Mixing ratio is defined as the ratio of the den- 
sity of the water vapor present to the density 
of the dry air; it is usually expressed as the 
number of grams of water vapor per kilogram 
of dry air. For practical purposes, the mixing 
ratio remains constant with changes in air tem- 
perature and pressure so long as no moisture is 
added or removed. 

/. Saturated Mixing Ratio. Air at a given 
temperature can hold only a certain amount of 


water vapor before it is saturated. The total 
amount (weight) of vapor which a given weight 
of dry air will hold at a specific temperature 
and pressure is referred to as the saturated 
mixing ratio. The following relationship exists 
between mixing ratio, saturated mixing ratio, 
and relative humidity : 


relative humidity= 


mixing ratio 
saturated mixing ratio 


xioo. 


Note. If any two of the three components in this 
relationsliip are known, the third can be determined 
mathematically in the formula. 

g. Distnbution of Water Vapor. The part 
of the atmosphere which remains over tropical 
water may contain large amounts of water vapor 
(over 20 grams per kilogram) but, because of 
the high air temperature, will not be completely 
saturated. On the ether hand, very cold air (at 
approximately 0° F.) may contain only 1 gram 
per kilogram, and yet become saturated, pro- 
ducing sublimation. The maximum weight of 
the water vapor in the atmosphere is rarely 
more than 4 percent of the total weight of the 
natural air. 
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2-13. Humidity Instruments 

Two of the most common humidity measur- 
ing instruments are the hair hygrometer and 
the sling psychrometer. 

a. Hair Hygrometer. The hair hygrometer 
operates on the principle that oil-free human 
hair stretches when wet. The amount of stretch 
is proportional to the degree of saturation of 
the air with water vapor (the variation in 
length of a pi‘operly treated hair is approxi- 
mately logarithmic between the EH limits of 
20 to 100 percent) . The hair is mounted under 
tension to operate a dial (hygrometer) which 
indicates the relative humidity, or a pen which 
records the relative humidity directly (hygro- 
graph) . The hair hygrometer is subject to large 
errors and is slow to respond to changes. 

b. Sling Psychrometer. The sling psychrom- 
eter (fig. 2-14), also known as the wet and dry 
bulb hygrometer, is more satisfactory than the 
hair hygrometer. This instrument consists of 
two thermometers, one of which is kept wet by 
a linen wick. The cooling of the wet bulb ther- 
mometer is proportional to the rate of evapora- 
tion of the water from the wick. The rate of 
evaporation depends on the relative humidity 
and the temperature of the surrounding air. 
When the air is very dry, evaporation from the 
wick will cool the wet bulb thermometer and its 
temperature indication will be lower than that 
'f the dry bulb thermometer. When the air is 
iturated, there is no evaporation, so both ther- 
lometers give the same readings. Psychro- 
letric tables are provided to obtain dew point 
nd relative humidity from the air temperature 
;iven by the dry bulb thermometer and the tem- 
perature given by the wet bulb thermometer, 

2—14, Precipitation 

a. General, Precipitation is the general term 
for all forms of falling moisture (e.g., rain, 
now, hail, sleet, and their modification). The 
hain of events that lead up to precipitation 
nclude — 

(1) Saturation of the air by cooling and/or 
increasing the water vapor content in 
the air. 

(2) Condensation of the water vapor 
through the action of hygroscopic 
nuclei, forming clouds. Clouds may 
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be composed of water droplets or ice 
crystals, or combinations of both, de- 
pending upon the temperature and the 
amount of convective activity in the 
cloud. 

(3) Coalescence, or growth, of water drop- 
lets in size and weight. Much con- 
densation occurs without producing 
precipitation; i.e., there are many 
clouds which do not result in rain. 
Clouds may be considered as colloidal 
suspensions of liquid and/or solid 
water in the air. The tendency for 
cloud particles to coalesce and produce 
larger droplets, which fall because of 
gravitational attraction, is furthered 
by the following five conditions; (a) 
nonuniform electrical charges in cloud 
droplets (electrical attraction), (b) 
dilferences in sizes of cloud droplets 
(mass attraction), (c) temperature 
differences between cloud droplets 
(vapor pressure differences), (d) mo- 
tion of the droplets (turbulent mix- 
ing), and (e) ice crystals (water 
droplets will evaporate and sublime on 
ice crystals, increasing the size of the 
ice particles). Combinations of these 
five conditions will determine the size 
of the precipitation particles falling 
from the clouds. In highly turbulent 
clouds which extend above the freezing 
level, both ice crystals and water drop- 
lets are present, causing rapid trans- 
fer of water from droplet to crystal 
through evaporation and sublimation. 
These highly turbulent clouds produce 
large amounts of rainfall during short 
periods of time. 

b. Liquid Precipitation. 

(1) Rain — precipitation which reaches the 
earth's surface as relatively large drop- 
lets. Rain can be classified as light, 
modei'ate, or heavy. This classification 
is normally based on rate of fall or the 
affect it has on visible surfaces or on 
horizontal visibility. 

(2) Drizzle — precipitation from stratiform 
clouds in the form of numerous drops 
of water much smaller in diameter than 
those occurring in rain. The fact that 


these minute drops reach the earth 
indicates the absence of turbulence. 
Drizzle is classified as light, moderate, 
or heavy. This classification is nor- 
mally based on rate of fall or the re- 
striction to horizontal visibility. 

c, Freezing Precipitation, 

(1) Freezing rain — ^precipitation in the 
form of super-cooled liquid raindrops, 
a portion of which freezes and forms 
a smooth coating of ice upon striking 
exposed objects (e.g,, the wing of an 
airplane in flight or the surface of a 
runway), 

(2) Freezing drizzle — precipitation in the 
form of super-cooled drizzle which 
freezes in a manner similar to freezing 
rain, 

d. Frozen Precipitation. 

(1) Sleet — frozen raindrops formed by 
rain falling through a layer of colder 
air with below freezing temperatures. 

(2) Hail — precipitation of balls or irregu- 
lar lumps of ice. Hail results when 
waterdrops below the freezing level 
are repeatedly carried above the freez- 
ing level by currents in a thunder- 
storm. The drops freeze into ice pellets, 
start falling, and accumulate a coating 
of water. Carried upward again by 
an ascending current of air, the coat- 
ing freezes, enlarging the diameter of 
the hailstone. This process, repeated 
a number of times, can produce hail- 
stones weighing as much as 2 pounds. 

(3) Snow — precipitation composed of ice 
crystals. When atmospheric water 
vapor sublimates at temperatures be- 
low 0° C., ice crystals may form and 
fall to the ground, usually as snow- 
flakes or combinations of individual 
ice crystals. 

2-15. Hydrologic Cycle 

Water at the earth’s surface evaporates by 
absorbing heat energy. The water vapor is 
transported horizontally and vertically by at- 
mospheric currents until it releases its energy 
to the atmosphere through condensation in 
forming clouds and fog. The water cycle is 
completed when precipitation returas the water 
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to the surfjico. This evHpor^tion-condfiTiSfitioii 
cycle is a part of the thermodynamics involved 
in the series of water phenomena called the 
hydyoloyic cycle. The phases of the hydrologic 
cycle are — 

d. Precipitation from clouds falls on sea and 
land. 

b. Water flows from land to sea as runoff or 
seepage. 

Section IV. 

2-16. Pressure 

a. Pressure is force per unit area (P = P/a) . 
The pressure exerted by a fluid (gas or liquid) 
varies with the height of the fluid column and 
the density of the fluid. A force (mass x accel- 
eration) exerted on or by a fluid is distributed 
uniformly throughout the fluid in all directions, 
and is independent of the orientation of the 
surface on which it acts. 

h. AtMosylieric Ptessure is the pressiU'e ex- 
erted by the atmosphere as a result of gravita- 
tional attraction acting upon the column of air 
lying directly above a point. As a result of the 
constant and complex air movements and the 
changes in temperature and moisture content 
of the air, the weight of the air column over a 
fixed point is continually fluctuating. These 
changes in weight, and therefore pressure, are 
imperceptible to the human senses, but are 
measurable with pressure-sensitive instruments. 

2~T7, Pressure Instruments 

The instruments commonly used in the meas- 
urement of atmospheruc pressure are the mer- 
curial barometer (or mercuiy barometer), the 
aneroid barometer, and the barograph, 

a. Mercurial Barometer. Figure 2-1 5 shows 
the principle of the mercurial barometer. The 
weight of the atmosphere presses down on the 
mercury in container A and supports the col- 
umn of mercury inside the glass tube B from 
which all air has been removed. The weight of 
the mercury column corresponds to the weight 
of the atmosphere. In the illustration (fig. 
2-16) the column of mercury is 29,92 inches 
high; the atmospheric pressure, therefore, is 
equal to the weight of a column of mercury that 
is 29,92 inches in height. The conversion of 
height to weight exerted (force) per unit area 
may be accomplished as follows ; 


c. Evaporation from precipitation and all 
moist surfaces, and transpiration from plants 
and animals, supply water vapor for the atmos- 
phere. 

d. Condensation and sublimation of water 
vapor produces clouds, completing the cycle. 
Throughout the cycle, the earth and its atmos- 
phere neither gains nor loses moisture. 

PRESSURE 

(1) A cubic inch of mercury (C, fig. 2-15) 
weighs 0,491 pounds. 

(2) If three such cubes were placed in a 
container (£), fig. 2-15) the bottom 
surface would be under a pressure of 
3x0-491, or 1.473 pounds per square 
inch. 

(3) Replacing the 3 inches with the 29.92 
inches of mercury in the glass tube re- 
sults in the equation — 29.92x0-491 = 
14.69 pounds per square inch. 

h. Aneroid Barometer. The activating unit 
of an aneroid barometer is a metal bellows con- 
taining a partial vacuum. The bellows expands 
or contracts in response to changes in atmos- 
pheric pressure. A pointer, linked to the bel- 
lows, moves across a calibrated dial, thereby 
constituting the indicator mechanism (fig. 
2-16). Although not as accurate as the mei'- 
curial barometer, the aneroid barometer is 
useful because of its compact and rugged con- 
struction, 

c. Barogra'ph. The barograph is an aneroid 
barometer which records a continuous record 
of atmospheric pressure (fig. 2-17). 

2-13. Units of Pressure Measurement 

Inches of mercury and millibars are two pres- 
sure units of which every aviator must have a 
knowledge. He uses these units during each 
flight and in each weather briefing by the fore- 
caster. 

a. Inches of Mercury (Hg). The most com- 
mon unit is the inch of mercury, derived from 
the height of the mercury column in a mercurial 
barometer. Since the inch is a unit of length, 
this system does not directly express the force 
per unit area (pressure) that the atmosphere 
exerts, 

b. Millibar. In meteorology, it is more con- 
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NORMAL ATMOSPHERIC PRESSURE AT SEA LEVEL SUPPORTS 
A COLUMN OF MERCURY 29.92 INCHES HIGH 


PRESSURE READING IN INCHES OF MERCURY CAN BE 
CHANGED TO LBS PER SQ IN. 

at]vn45 


Figure 2-15. Principle of the mercurial bm'ometer. 


venient to express the pressure directly as a 
force per unit area. This is done by using a unit 
called the millibar (mb). This unit is one- 
thousandth of a bar. Since fluctuations in at- 
mospheric pressure are small compared with 
the force represented by a bar, it is convenient 
to use the smaller unit. One bar represents a 
force of 1 million dynes per square centimeter, 
A dyne is the metric unit of force required to 
give a 1-gram mass an acceleration of 1 centi- 
meter per second. When expressed in millibars, 
the atmospheric pressure is given directly as a 
force per unit area. 

(1) Since the Kollsman window of pressure 
altimeters in United States aircraft is 
calibrated for settings in inches of 
mercury, aviation agencies of the 


United States government express al- 
timeter settings in inches of mercury. 
However, many foreign nations use 
the millibar for altimeter settings. 
Aviators flying in these countries will 
need a conversion table (millibars to 
inches of mercury) in the aircraft and 
a general familiarity with the millibar 
as a unit of pressure. 

(2) Standard atmospheric pressure at sea 
level is 1013.2 millibars, which is the 
equivalent of 29,92 inches of mercury. 
The pressure exerted by 1 inch of mer- 
cury is equivalent to approximately 84 
millibars, and the pressure exerted by 
1 millibar is equivalent to approximate- 
ly 0.03 inch of mercury. 
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Figure 2 ~ 1 6 . Aneroid barometer. 


2-19. Sea Level Atmospheric Pressure 

a. The observed pressure at an airfield is of 
ittle value to the meteorologist since altitude 

fm g|. 
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be of value when they are corrected to a stand- 
ard altitude reference level — the mean (aver- 
age) sea level altitude. 

b. Most reported pressures are corrected to 
mean sea level (MSL) by local weather sta- 
tions. These MSI* pressures are then used in 
plotting isobars and station data on surface 
weather maps to show the location, shape, and 
size of pressure systems. 
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FigiireZ~17. Barograph. 


c. Altimeter settini^s are corrected to 10 
feet above MSL to compensate for the average 
distance from the surface to the instrument in 
the aircraft. 

d. The standard or normal atmospheric pres- 
sure at sea level at a standard air temperature 
of 15“ C. is 1,013.2 millibars, 29.92 inches of 
mercury, or 14.7 pounds per square inch. How- 
ever, standard atmospheric pressure seldom 
exists at a given station. Normal sea level 
pressures in the atmosphere vary from as low 
as 950 millibars (about 28 inches) to as high 
as 1,060 millibars (about 31 inches). Such 
variations in pressure indicate the dynamic 
nature of the atmosphere. 


2—20. Determining Pressure Systems 

To eliminate pressure variations caused by 
stations being at different altitudes, the mean 
sea level pressure is plotted in millibars at each 
reporting station on a surface weather map. 
Lines (isobars) are drawn connecting equal 
values of reported mean sea level pressure. The 
isobars and appropriate labels in millibars 
(mb) outline pressure areas in somewhat the 
same manner as contour lines outline terrain 
features on contour maps. Standard procedure 
on maps of North America is to draw isobars 
for every 4 millibars. The isobaric pattern is 
never the same on any two weather maps ; how- 
ever, they do show patterns of similarity. The 
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pressure patterns and systems (shown by the 
configuration of the isobars) which have a 
definite meaning to the aviator are shown in 
figure 2-18. 

«. Loio. 

(1) A low is a pressure system in which the 
barometric pressure decreases toward 
the center, and the wind flow around 
the system is counterclockwise in the 
Northern Hemisphere. The terms lo 2 o 
and cyclone are interchangeable. Any 
pressure system in the Northern 
Hemisphere with a counterclockwise 
(cyclonic) windflow is a cyclone. 

(2) Low pressure systems with severe 
storm characteristics are called hurri- 
canes, typhoons, tropical storms, tor- 
nadoes, or waterspouts to identify the 
exact nature of the storm. 

(3) Unfavorable flying conditions in the 
form of low clouds, restricted visibil- 
ity by pi’ecipitation and fog, strong 
and gusty winds, and turbulence are 
common in low pressure systems. 


(4) Thermal lows caused by intense sur- 
face heating and resulting low air 
density over barren continental areas, 
are relatively dry with few clouds and 
practically no precipitation. These 
thermal lows are almost stationary 
and predominate over continental 
areas in the summer. 

(5) Migratory lows of the secondary cir- 
culation are discussed in paragraph 
4-7. 

b. High. 

(1) A high is a pressure system in which 
the barometric pressure increases 
toward the center, and the windflow 
around the system is clockwise in the 
Northern Hemisphere. The terms high 
and anticyclone (opposite of cyclone) 
are interchangeable. Any pressure 
system in the Northern Hemisphere 
with a clockwise (anticy clonic) wind- 
flow is an anticyclone. 

(2) Flying conditions are generally more 
favorable in highs than in lows be- 



Fiffure 2~J8. Pressure systems. 
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cause of less clouds, belter daytime 
visibility, light or calm winds, and 
less-concentrated turbulent areas. 

(3) High pressure systems predominate 
over cold surfaces (where the air is 
dense). They are more intense over 
continental areas in winter and oce- 
anic areas in summer. Centers of 
high pressure rarely exist south of 23° 
N. latitude in the Northern Hemi- 
sphere. 

(4) In the Northern Hemisphere, a gen- 
eral cycle of highs and lows moves 
through the Temperate Zones from 
west to east. The movement of the 
pressure systems is more rapid in win- 
ter season when the cyclones are most 
intense and the anticyclones extend 
farthest to the south (para 7-7). 

c. Col. A col is a saddleback region between 
two highs or two lows. The weather is erratic 
and unpredictable because of the flat pressure 
gradient. 

d. Trough. A trough is an elongated area 
of low pressui’e, ndth the lowest pressure along 
the trough line. The weather in a trough is 
frequently violent. 

e. Ridge. A ridge is an elongated area of 
high pressure with highest pressure long the 
ridge line. The weather in a ridge is generally 
favorable for flying. 

2—21. Pressure Gradient 

The rate of change in pressure in a direction 
perpendicular to the isobars is called 
gradient. Pressure applied to a fluid (gas or 
liquid) is exerted equally in all db’ections 
throughout the fluid; e.g., if a pressure of 
1013.2 millibars is exerted downward by the 
atmosphere at the surface, this same pressure 
is also exerted outward in the atmosphere at 
the surface. Therefore, a pressure gradient 
exists in the horizontal (along the surface) as 
well as the vertical (with altitude) plane in 
the atmosphere. 

a. Horizontal Pre,s.mre Gradient. The hori- 
zontal pressure gradient is steep or strong when 
the isobars determining the pressure system 
(fig, 2-19) are close together. It is flat or loeak 
when the isobars are far apart. 


WEAK OR FLAT 
PRESSURE GRADIENT 



STRONG OR STEEP 
PRESSURE GRADIENT 

Figure 2-19. Principle of prensure gradient. 

h. Vertical Pressure, Gradient. If isobars 
are considered as depicting atmospheric topog- 
raphy, a high pressure system represents a hill 
of air, and a low pressure system represents a 
depression or valley of air. The vertical pres- 
sure gradient always indicates a decrease in 
pressure with altitude, but the rate of pressure 
decrease (gradient) varies directly with 
changes in air density with altitude. Below 
10,000 feet altitude, pressure decreases approx- 
imately 1 inch per 1,000 feet in the standard at- 
mosphere. The vertical cross section through a 
High and Low (A, fig. 2-20) depicts the ver- 
tical pressure gradient. A surface weather 
map (para 12-5) view of the horizontal pres- 
sure gradient in the same High and Low is il- 
lustrated by B of fig'ure 2-20. 

2-22. Pressure Altimeter 

a. General. An altimeter is primarily an 
aneroid barometer calibrated to indicate alti- 
tude in feet instead of units of pressure. An 
altimeter reads accurately only in a standard 
atmosphere and when the correct altimeter set- 
ting is used. Since standard conditions seldom 
(if ever) exist, the altimeter reading usually 
requires correction. An altimeter is only a 
pressure-measuring device. It will indicate 
10,000 feet when the pressure is 697 millibars, 
whether or not the altitude is actually 10,000 
feet. 

b. Adjustment for Nonstandard Pressitre, 
Because of the variations in pressure at sea 
level, altimeters are designed to permit adjust- 
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Figure S-SO, High and low pressure syatema. 
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ment to correct for nonstandard sea level pres- 
sure. 

(1) A procedure used in aircraft on the 
ground is to set the altimeter reading 
to the elevation of the airfield. The 
altimeter then reads the altitude above 
sea level and the Kollsman window in- 
dicates the current altimeter setting. 

(2) The atmospheric pressure frequently 
differs at the point of landing from 
that at takeoff; therefore an altimeter 
correctly set at takeoff may be consid- 
erably in error at the time of landing. 
For a safe landing under conditions of 
poor visibility or low ceiling, it is es- 
sential that the altimeter be set to 
indicate the correct altitude. Altim- 
eter settings can be obtained in flight 
by radio from navigational aids with 
voice facilities. Otherwise, the ex- 
pected altimeter setting for landing 
should be obtained before takeoff. A 
knowledge of the existing pressure 
system will be helpful if an accurate 
setting is unobtainable. 

(8) Figure 2-21 shows the pattern of iso- 
bars (or isobaric surfaces) in a cross 
section of the atmosphere from New 
Orleans, La., to Miami, Fla. The pres- 
sure at Miami is 1,019 millibars and 
the pressure at New Orleans is 1,009 
millibars, a difference of 10 millibars. 


Assuming that an aircraft takes off 
from Miami to fly to New Orleans at 
an altitude of 500 feet, a decrease in 
mean sea level pressure of 10 millibars 
from Miami to New Orleans would 
cause the aircraft to gradually lose 
altitude, and although the altimeter 
would indicate 500 feet, the aircraft 
would actually be flying at approxi- 
mately 200 feet over New Orleans. 
The correct altitude can be determined 
by obtaining the correct altimeter set- 
ting from New Orleans, resetting the 
altimeter to agree with the destination 
adjustment. 

(4) The following relationships generally 
hold true up to approximately 15,000 
feet: 

34 millibars^: 1 inch (Hg) =1,000 
feet elevation. 

Note, Since 1 niillibai' is equal to about 
30 feet below 10,000 feet altitude, a change 
of 10 millibai's (which is common) would 
result in an error of about 300 feet. 

c. Error Due to Variation From Standard 
Temperature, Another type of altimeter error 
is due to nonstandard temperatures. Even 
though the altimeter is properly set for surface 
conditions, it often will be incorrect at higher 
levels. 

(1) If the air temperature at flight alti- 
tude is warmer than standard (see 



Figure 2-^1, Altimeter errors due to change in surface ?wea8M?'e, 
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ICAO standard atmosphere, para 
5-80, the averag-e temperature de- 
crease with altitude is less than stand- 
ard. Therefore, the average pressure 
decrease between the aircraft and the 
surface is also less than the standard 
1 inch per thousand feet (fig. 2-22), 
and an aircraft flying in warmer than 
standard air will be higher than the 
altimeter indicates (A, fig. 2-23). 

(2) Conversely, if the air temperature at 
flight altitude is colder than standard, 
the average temperature and pressure 
decrease with altitude is greater than 
standard (fig. 2-22). Therefore, an 
aircraft flying in colder than standard 
air will be lower than the altimeter 
indicates (B, fig. 2-33). Many acci- 
dents have occurred during instru- 
ment flight in cold weather because 
aviators did not understand or consid- 
er this altimeter error and failed to 
allow an adequate safety margin to 
clear mountainous terrain. 

(3) The aviator does not attempt to cor- 
rect his altimeter for nonstandard 


flight level temperatures (the reason 
is explained in TM 1-216). However, 
it is the aviator’s responsibility to be 
aware of improper terrain clearance 
in temperatures much colder than 
standard {altimeter error, para 14- 
10 ). 

2-23. Density Altitude 

Density altitude is defined as the pressure 
altitude corrected for temperature. (Pressure 
altitude is the distance measured from the 
29.92-inch pressure level — the standard datum 
plane,) The theoretical performance of aircraft 
is evaluated by using standard atmospheric 
conditions (standard densities). In actual 
flight, standard atmospheric conditions are 
rarely, if ever, encountered. The efficiency of 
aircraft performance is greatly affected by the 
varying densities of the atmosphere. Changes 
in air density are caused by variations in at- 
mospheric pressure and temperature. Changes 
in the water vapor content also affect the 
density of the air, but the amount is negligible 
{note below) in density altitude computation. 
An airfield may have a density altitude that 
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varies several thousand feet from the mean sea 
level (MSL) elevation of the field. If the den- 
sity altitude is higher than standard foi the 
field, this field has a high density altitude 
( + ). An example of this would be an airfield 
at 6,000 feet (MSL) with a density altitude of 
10,000 feet. Aircraft operating from this field 
would be in the air of the same density that 
would normally be found in the standard atnio- 
sphere at 10,000 feet. The efficiency of the air- 
craft may be seriously affected in high density 
altitudes, especially when the aircraft is criti- 
cally loaded. If the density altitude is lower 
(-) than normal for a given altitude, the 
efficiency of the aircraft is increased. An avia- 
tor operating from a field at 5,000 feet with a 
density altitude of 1,000 will be in the same air 
density at field elevation that normally exists 
at 1,000 feet. 

NOTE 

The moisture content increases the density 
altitude from approximately zero feet with 
a dew point temperature below 20° F. to 
( + ) 250 feet with a dew point tempera- 
ture. 

a. Affects on Aircraft Performances, 

(1) The lift of an aircraft wing or blade 
is affected by the speed of the air around it and 
the density of the air through which it moves. 
Lift of a wing or blade will be increased by 
cold dense air in which the mass of air per unit 
volume passing around the wing or blade is at 
a maximum. In areas of high density altitude, 
a longer ground run for takeoff will be re- 
quired. A helicopter may be required to make a 
ground run to establish "^effective transla- 
tional lift for takeoff under such conditions. 

(2) In areas of high density altitude, ad- 
ditional engine -ij^power to afford effective 
translational lift is required to compensate for 
the thin air. If the maximum gross weight of 
an aircraft exceeds the limits of available en- 
gine power in high density altitudes, a reduc- 
tion in load {payload or fuel) is required. Since 
high density altitudes reduce the service ceil- 
ing of aircraft, density altitude must be consid- 
ered in computing maximum loads. 

(3) The density altitude usually varies 


throughout the day with the movement of 
pressure systems, diurnal heating and noctur- 
nal cooling. The highest density altitudes are 
most common during the warmest hours. Air 
density decreases with an increase in altitude, 
temperature, or moisture content. Any change 
in air density will affect the performance of an 
aircraft. 

(4) Wind velocity sufficient to afford 
translational lift while hovering will improve 
helicopter performance in areas of high den- 
sity altitude. Strong winds also provide addi- 
tional lift for fixed wing aircraft, and tend to 
counteract the effects of high density altitude. 

5. Computing Density Altitude, 

(1) The first step in computing density al- 
titude is to determine the pressure altitude by 
setting 29.92 in the Ko Usman window of the 
aircraft altimeter. Examples are as follows: 

(a) For pi'essures belotv standm'd. If 
the field elevation is 1,600 feet with a current 
altimeter setting of 29.41 inches Hg — 

Set altimeter to .standard pressure ... 29.92 inches Hg. 

Altimeter now indicates .. 2,010 feet. 

The pressure altitude is 2,010 feet. 

(h) For pressures above sta7idar(l, If 
the field elevation is 2,000 feet with a current 
altimeter setting of 30.86 inches Hg — 

.Set altimeter to standard pressure . 29.92 inches Hg. 

Altimeter now indicates . . . 1,070 feet. 

The piesHure altitude is ... 1,070 feet. 

(2) The second step in computing density 
altitude is to determine the effect of the actual 
air temperature on the air density. The stan- 
dard temperature of the atmosphere is 16° C. 
at sea level with a decrease of 2” C. per thou- 
sand feet (standard temperature lapse rate). 
Each 1° C. variation from the standard tem- 
perature changes the density altitude approxi- 
mately 120 feet. If the actual temperature is 
below standard for the pressure altitude, the 
density altitude is lowered; if the temperature 
is above standard for the pressure altitude, the 
density altitude is raised. Temperature varia- 
tion is incorporated into a formula for obtain- 
ing density altitude from a known pj-essure al- 
titude. 

(a) PA + (120 X Vf) =Zli4, where — 

PA is pressure altitude. 
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120 is the temperature constant. 

Vi is the variation of the actual air temperature from 
standard at the pressure altitude. 

DA is density altitude. 

(b) Sample problem for air tempera- 
ture above standard: 

Pi’essure altitude 2,010 feet. 

Actual surface temperature 30“ C. 

Standard temperature for the pressure altitude.. 11“ C. 

★Temperature variation, is + 19“ C. 

DA « 2,010 + 120 (30-11). 

DA = 2,010 + 120 (19). 

DA « 2,010 + 2,280. 

DA - 4,290 feet. 

(c) Sample problem for air tempera- 
ture belo'w standard: 

Pressure altitude 1,070 feet 


Actual surface temperature 6* C. 

Standard temperature for the pressure altitude. .18“ C, 

Temperature variation is -7® C, 

★DA « 1,070 + 120 (+6 -13). 

DA - 1,070 + 120 (-7). 

DA >= 1,070 + (-840). 

DA « 1,070 - 840. 

DA = 230 feet. 

★ (3) Density altitude can also be deter- 
mined by using a computer (Chap. 8, TW 
1-225). Density altitude charts are available ii: 
most weather stations (table X, app. II). Date 
on the length of runway necessary for lixec 
wing aircraft and power requirements for ro- 
tary wing aircraft in varying air densities car 
be found in the operator’s manual (TM 65-avi- 
ation series-10) for the appropriate aircraft. 
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CHAPTER 3 
CLOUDS 

Section I. GENERAL 


3—1. Cloud Formations and Definition 

a. General, Cloud formations are the direct 
result of saturation-producing processes which 
take place in the atmosphere. The Army avia- 
tor must be able to identify those cloud forma- 
tions which are associated with weather haz- 
ards. A close study of cloud types will also 
assist the Army aviator in his interpretation 
of weather conditions from weather reports. 
Table I lists the abbreviation and symbol of 
each cloud type discussed. 

h, Clond Definition. Clouds are visible con- 
densed moisture, consisting of droplets of water 
or crystals of ice, having diameters varying 
from 0.0001 to 0.004 inch. They are easily sup- 
ported and transported by air movements as 
slow as one-tenth of a mile per hour, 

3—2. international Classification of Clouds 

a. General. The international cloud classifi- 
cation (table I) is designed primarily to pro- 
vide a standardized cloud classification. Within 
this classification, cloud types are usually di- 
vided into four major groups and further classi- 
fied in terms of their forms and appearance. 
The four major groups are — 

(1) High clouds. 

(2) Middle clouds. 

(3) Low clouds. 

(4) Clouds with accentuated vertical de- 
velopment. 

b. Subdivision. Within the high, middle, 
and low cloud groups are two main subdivi- 
sions. These are — 

(1) Clouds formed' when localized vertical 
currents carry moist air upward to 
the condensation level. These clouds 
are characterized by their lumpy or 
billowy appearance and are designated 


BASE ALTITUDE 

1 CLOUD TYPE ABBREVIATION 

SYMBOL 

BASES OF HIGH 
CLOUDS USUALLY 

CIRRUS 

Cl 


ABOVE 20,000 

CIRROCUMULUS 

Cc 

FEET 

CIRROSTRATU5 

Cl 

ZS 

— 20,000 feet 




BASES OF MIDDLE 

ALTOCUMULUS 

Ac 


CLOUDS RANGE 
FROM 6,500 FEET 
TO 20,000 FEET. 

ALTOSTRATUS 

A* 










BASES OF LOW 
CLOUDS RANGE 

♦CUMULUS 

Cu 

a 

FROM SURFACE 

♦CUMULONIMBUS 

Cb 

TO 6,500 FEET, 

NIMBOSTRATUS 

Ni 



STRATOCUMULUS 

Sc 



STRATUS 

St 


SURFACE 





♦CUMULUS AND CUMULONIMBUS ARE CLOUDS WITH VERTICAL 
DEVELOPMENT. THEIR BASE IS USUALLY BELOW 6,5UO f EET BUT MAY 
BE SLIGHTLY HIGHER. THE TOPS OF THE CUMULONIMBUS 
SOMETIMES EXCEED 60,000 FEET. 

aa vn 

Table /. International Cloud Clasaification, 
Abbreviations, and Weather Map Symbols. 


cumuliform type clouds, meaning “ac- 
cumulation” or "heap.” Turbulent fly- 
ing conditions are usually found in and 
below cumuliform clouds. 

(2) Clouds formed when complete layers 
of air are cooled until condenvSation 
takes place. These clouds are called 
stratiform type clouds, meaning 
"spread out,” since they lie mostly in 
horizontal layers o r sheets . F 1 igh t 
within stratiform clouds is relatively 
smooth. 

Note. Cumuliform clouds may be merged with alrul- 
ifoi’m clouds. 
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c. Rainclouds and Fragmentary Clouds. In 
addition to the two main subdivisions discussed 
in h above, the word nimbus, meaning "rain- 
cloud/’ is added to the names of clouds that nor- 
mally produce heavy precipitation, either liquid 
or solid. For example, a stratiform cloud pro- 
ducing precipitation is referred to as nim&o- 

Section II. 


3-3. High Clouds 

The high cloud group consists of chims, cirro- 
cumulus, and eirrostratus clouds (figs. 3-1, 3-2, 



i&j 


Figure S-1. 


10 June 1963 

stratus, and a heavy, swelling cumulus cloud 
that has grown into a thunderstorm is referred 
to as cumulonimbus. Clouds which are broken 
into fragments are identified by adding the pre- 
fix fracto to the classification name. For ex- 
ample, fragmentary cumulus is referred to as 
fractocumulus. 

CLOUD TYPES 


and 3-3) . The mean base level of these three 
cloud types is 20,000 feet or higher. Cirrus 
clouds give indications of approaching changes 



Cm'ua clouds. 


iDeterifiiion! Detached clouds In the form of whtto, delicate fllamonts, or white or moetly white patches or narrow bands, These clouds have a fibrous 
(hairlike) appearance, or a ailky sheen, or both.) 
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in weather. Cirriform clouds are composed of 
ice crystals and, because of this, do not present 
an icing hazard. These clouds are generally 
thin and the outline of the sun or moon may 
be seen through them, producing a halo effect. 



(1) Cirrocumulus merging with cirrus. 



i 

f ■ 


(2) Cirrocumulus merging with cirrostratus. 

Figure S-2, Cirrocumulus clouds, 

(De$cripi(on: Thtn clouds without shading, composed of white patches 
or a sheet or layer, with very small cicmonta in the form of grains, ripples, 
etc,, merged or separate, and more or loss regularly arranged. They usually 
display brilliant and glittering quality suggestive of Ice crystals.) 


3-4. Middle Clouds 

The middle cloud group consists of alto- 
cumulus and altostratu^ clouds (figs. 3-4 and 
3-5). The altocumulus has many variations in 
appearance and in formation ; whereas the alto- 
stratus varies mostly in thickness, from very 
thin to several thousand feet. Bases of the 
middle clouds range from 6,500 to 20,000 feet 



(1) Cirrostratus with wisps of cirrus. 



(2) Cirrostratus over a layer of stratocumulus 
and upslope fog. 





(3) Cirrostratus merged with cu’rus, 

Figure SS, Cii'rostratus clouds, 

(Dueriplion: Thin, whitish cloud layers appearing like a sheet or veil, 
covering part of the sky or its entirety, and often thread-like or fibrous. 
They may bo so light as to be barely visible or may bo relatively dense.) 

above the terrain. These clouds may be com- 
posed of ice crystals or water droplets (which 
may be supercooled) and may contain icing 
conditions hazardous to aircraft. Altocumulus 
rarely produces precipitation, but altostratus 
usually indicates the proximity of unfavorable 
flying weather and precipitation. 

3-5. Low Clouds 

This group of clouds consists of stratus, 
stratocumulus, and nimbostratus clouds (figs. 
3-6, 3-7, and 8-8) . The bases of these clouds 
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(2) Semitransparent cloud elements in bands 
spreading over the sky. 


Figure 3~h. Altocumulus clouds. 

(Deservphmu White or gray clouds, or both white and gray, m patches or in sheets or layers, generally with shading and composed of rounded masses, 
rolls, etc., which are sometimes partly fibrous or diffuse and which may or may not be merged.) 



Figure 3~5. Altostratus over a layer of stratocumulus. 


(ZJeacrfpliort' Gray to bluisli, in a dense veil or layer with a fibrous, 
uniform composition. Light colors indicate relative thinness while dark 
colors indicate relative thickness.) 


range from near the surface to about 6,500 feet. 
Low clouds are of great importance to the avia- 
tor since they create low ceilings and poor visi- 
bility ranges. The heights of the cloud bases may 
change rapidly. If low clouds form below 60 
feet, they are reclassified as fog (par. 8-1) and 
may completely blanket landmarks and landing 
fields. Low clouds have the same composition 
as middle clouds. In freezing or near freezing 
temperatures, they are a constant threat be- 
cause of the probability of icing. When flying 
in these clouds, the Army aviator must be con- 
stantly alert to changes in cloud formation, 
ceiling, and visibility; and be prepared to fly to 
an alternate field if the ceiling or visibility 
drops below minimums at his destination. (The 
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navigation publications issued to Army aviators 
contain specific airport ceiling or visibility min- 
imums.) 

3-6. Clouds with Vertical Development 

a. Types. Clouds with vertical development 
include the cumulus and cumulonimbus clouds 
(figs. 3-9 and 3-10). These clouds generally 
have their bases below 6,500 feet above the 
terrain and tops sometimes extend above 65,000 
feet. Clouds with vertical development are 
caused by some type of lifting action, such as 
convective currents, convergence, orographic 
lift, or frontal lift. 

b. Flight Conditions Associated With Verti- 
cal Development Clouds. Scattered cumulus or 
isolated cumulonimbus clouds seldom present a 
flight problem since these clouds can be circum- 
navigated without difficulty. However, these 
clouds may rapidly develop in groups or lines of 
cumulonimbus. They may also become em- 
bedded and hidden in stratiform clouds, result- 
ing in hazardous instrument flight conditions. 


Turbulence within cumulonimbus clouds may 
be severe enough to cause structural failure to 
the aircraft. 



Figure 3-6. Stratus clouds. 


(Desertvlton Generslly gray cloud layers with a fairly uniform baao. 
They may produce drizzle, Ice prisma, or snow grains. When the sun la 
visible through these clouds their outline is clearly diacernablo They 
sometimes appear in the form of ragged patches, and may be referred to ns 
fraetoatratua or scud.) 


I 



Figure S-7. Strata cumulus clouds. 

(Descriplion: Gray or whitish or both gray and whitish clouds that usually have dark spots, These clouds are composed of rounded masses, rolls, etc., 
which may or may not bo merged, Stratocumulus is often, particularly in the early morning hours, a transitional stage of cloud development between stratus 
and cumulus,} 
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Figure 3-8, Nimbostratiis clouds. 


iDesoripHon. Gray cloud layers, often dark, the appearance of which is rendered difluae by more or loss continuously falling rain or snow, which In moat 
cases roaches the ground, They are thick enough throughout to blot the sun. Low, ragged clouds (scud) frequently appear below the nimbostratus layer 
and may or may not merge with the nimbostratus,) 



(8) Developing cumulus. 
Figure S~9. Cumulus clouds^ 


(Descripiion; Dclached clouds that are generally dense and with dlallnot outlines, developing vortlcally In the form of rising mounds, domes, or towers, 
of which the bulging upper part often resembles a cauliflower. The sunlit porta of these clouds ore mostly brilliant white, with tholr bases relatively dark 
and nearly horizontal. They vary in size from light, fluffy powder-puff forma to towering mosses,) 
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(6) Extensive, isolated cumulonimbus. 

Figure 3-10. Cumulonimbus (thunderstoimi) olouds, 

(Dtseriphon: Heavy and dense clouds wUh considerable vertical extent In the form of mountains or huge towcre. They may be isolated, may appear In 
groups, ormny appear in lines extending hundreds of miles. At least part of their upper portion is usually smooth, fibrous, or striated, nearly always flattonod, 
and often spreads out in the shape of an anvil or vast plume. Under the base of this type cloud, which is often very dark, there aro frequently low roggod 
douda, either merged or not. The Intensity of precipitation varies from light showers to cloudbursts. Cumulonimbus produces lightning, thundor, gusty 
winds, and often hail.) 
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CHAPTER 4 

ATMOSPHERIC CIRCULATION 


Section I. GENERAL CIRCULATION 


4-1. General 

a. On all flights the Army aviator is con- 
cerned with the wind. Knowledge of winds 
near the surface is important in landing and 
taking off, and in low flight; knowledge of 
winds at higher levels is essential in computing 
flight headings, time en route, time over report- 
ing positions, destinations, alternates, and in 
some situations the degree of turbulence. 

h. The energy that sets the atmosphere into 
motion is obtained from the sun’s radiation. 
Because of the relative position of the earth 
I with respect to the sun, the earth receives much 
more radiation near the Equator than at the 
poles. This unequal heating by the sun’s radia- 
tion at the earth’s surface is the basis for at- 
mospheric circulation. Variations in surface 
temperature in different localities, in the topog- 
raphy of the earth, and in rotational forces 
complicate the basic circulation pattern. For 
this reason, introducing atmospheric circula- 
tion as if the earth were a nonrotating sphere 
of uniform surface with the primary heat 
source at the Equator provides a good founda- 
tion for atmospheric circulation as it actually 
exists. 

4-2. Simple Circulation 

a. Definition, Circulation, in terms of me- 
teorology, is the movement of air over the 
surface of the earth. This movement occurs 
throughout the entire atmosphere; however, 
this chapter will be limited to the movement 
of air in the troposphere. 

b. Causes. The air within the troposphere 
(fig. 2-2) is subject to continuous changes in 
density and temperature. Since air is a fluid, 
it reacts to these changes in density in much 


the same manner as confined liquids. When 
there is a difference in density between two or 
more portions of a confined liquid, the fluid will 
begin to move (circulate) within the container. 
When the differences in density of the air occur 
in the atmosphere, the air will also begin to 
circulate. Differences in air density are nor- 
mally the result of temperature differences, 
because gases vary in density with temperature 
changes. 

c. Temperature Dijferential. 

(1) The temperature differential in the 
atmosphere which causes atmospheric 
circulation can be compared to the 
temperature differences produced in a 
pan of water placed over a Bunsen 
burner. As the water is heated over 
the flame, it expands and its density 
is lowered. This reduction in density 
causes the water to rise to the top of 
the pan; as it rises, it cools and pro- 
ceeds to the edges of the pan. Upon 
reaching the edges of the pan, it cools 
further and sinks to the bottom, even- 
tually working its way back to the cen- 
ter of the pan where it started. This 
process of heating and cooling sets up 
a simple convective circulation pat- 
tern. 

(2) Air within the limits of the tropo- 
sphere may be compared to the water 
contained in the pan, with the sun 
acting as a Bunsen burner. The most 
direct rays of the sun strike the earth 
near the Equator. The air at the 
Equator is heated, rises, and flows 
along the upper extremities of the 

4—1 
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troposphere toward both poles. Upon 4-3. Theoretical Atmospheric Circulation 
reaching the poles, it cools and sinks Simple circulation in the atmosphere would 
back toward the earth, where it tends occur as described in paragraph 4-2 above if it 
to flow along the surface of the earth ^ere not for the following considerations ; 
back to the Equator where it started a. The earth is covered with an irregular 
(flg. 4-1). surface of land and water areas. 


NORTH POLE 



1-2 


Figw'e 4-1. Simple circulation, 
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b. The earth rotates, so that the area of the 
atmosphere being heated changes position con- 
stantly. Coriolis deflection (par. 4-9a) further 
affects the motion of the air on the rotating 
earth. 

c. The tilted axis of the earth causes sea- 
sonal changes in the amount of heat received 
by any specific area of the earth’s surface. 

4—4. Primary Circulation (Three-Cell Theory) 

a. General. According to the Three-Cell 
Theory of atmospheric circulation, the earth is 
divided into six latitude belts — three in the 
Northern Hemisphere and three in the South- 
ern Hemisphere. The dividing lines between 
the six belts are (1) the Equator, (2) latitude 
30® N. and S., and (3) latitude 60® N. and S. 
Thus, there is one belt in each hemisphere be- 
tween the Equator and 30® latitude, one be- 
tween 30® and 60° latitude, and one between 
60® latitude and the poles (fig. 4-2). This 
three-cell circulation pattern actually exists in 
the upper troposphere, but is frequently re- 
placed at the surface by semipermanent cell 
structures and the secondary circulation of mi- 
gratory highs and lows. To simplify explana- 
tion, further description in (1), (2), and (3) 
below will be limited to the Northern Hemi- 
sphere, 



Figure J^-2. Three- Cell Theory of Circulation, 


(1) Eqiiator to 3 O'" latitude cell. The air 
at the Equator is heated by the direct 
radiation from the sun. It rises to 


high altitudes and flows poleward, 
resulting in a I’egion of low surface 
pressure at the Equator. This low pres- 
sure belt is referred to as the equa- 
torial trough. As the air aloft flows 
northward, Coriolis force deflects it 
toward the east and causes it to begin 
piling up over the cool ocean surfaces 
near latitude 30° N. Some of the air 
becomes dense enough to descend to 
the surface around the 30® latitude 
belt. This descending air is part of 
the suhtroyical high pressure belt lo- 
cated between 26° and 36° latitude. 
Part of the descending air returns to 
the Equator, thus completing the first 
cell of the circulation. The air return- 
ing to the Equator at the surface is 
deflected to its right, and becomes a 
northeast wind called a trade loind. 
The remainder of the descending air 
at 30° latitude flows poleward at the 
surface, forming a part of the second 
cell of the primary circulation. 

(2) Cell between $0° and 60° latitudes. 
The second cell is composed of pole- 
ward-moving air from the Equator 
in the upper troposphere and from the 
subtropical high pressure belt at the 
surface. As this air moves poleward, 
it is deflected to its right and, in 
theory, flows from west to east at all 
altitudes in the troposphere. This cell 
is known as the belt of prevailing 
westerlies. These westerly winds are 
not common at the surface, however, 
because of the difference in heating 
between the continents and oceans of 
the Temperate Zones, and because of 
migrating pressure systems (par. 4-7) 
in the lower levels of the troposphere. 
Therefore, these prevailing westerlies 
are usually upper altitude winds which 
are responsible for the general move- 
ment of the cyclonic storms at the 
surface from west to east. 

(3) Cell between 60° latitude and the yole. 
The third cell of circulation lies be- 
tween 60° latitude and the pole. Air 
flowing northward in the upper tropo- 
sphere spirals northeastward toward 
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the polar region, where it converges 
aloft and descends. After descending, 
the air on the cold polar ice cap be- 
comes very dense. This collection of 
cold dense air produces a region of 
high pressure at the pole. In theory, 
the outer limit of this cap of cold air 
and high pressure is 60 ° latitude. The 
belt around 60® latitude is, therefore, 
a region of relatively low pressure 
(called the subpolar Iota pressure belt) 
between the subtropical high pressure 
areas and the polar high pressure 
area. In this belt of low pressure, the 
polar front exists: a boundary be- 
tween the cold polar air with its north- 
easterly winds and the warmer trop- 
ical air in the prevailing westerlies. 
The surface winds in this region are 
easterlies because air moving from the 
high pressure center at the poles 
toward the low pressure area at 60° 
latitude is deflected to the right of 
its path and flows from the northeast. 

Note. The primary circulation theory of 
the third cell i& not completely realistic in 
describing tlie pattern of (a) upper level 
westerly winds, (b) surface easterly winds, 
(c) the frontal boundary between the east- 
erly and the westerly winds, and (d) the 
polar front at the surface in near 60® lati- 
tude. In practice, the cold, dense polar air 
flows southward in large polar outbreaks and 
runs down across the Temperate Zone, bring- 
ing frontal weather and migrating cyclonic 
storms over the entire region (par, 7--7), 

b. Southern Hemisphere. The distribution 
of pressure areas and wind belts in the South- 
ern Hemisphere is the same as in the Northern 
Hemisphere, However, the Coriolis force in 
the Southern Hemisphere deflects the wind to 
the left rather than to the right. The pressure 
belts in both hemispheres are shown in figure 
4-3, 



4—5. Effects of the Earth's Movement 

a. Rotation. As the earth rotates, circula- 
tion is affected by the Coriolis force (par. 
4-9a.). The result is that the winds are de- 
flected to the right of their original direction of 
movement in the Northern Hemisphere and to 
the left of their original direction of movement 
in the Southern Hemisphere (fig. 4-4) . 


Figure 4 - 4 . Prevailing wind belts 'ivith the 
tkree-cell circulation. 

b. Revolution. The earth’s atmospheric cir- 
culation is based on a differential in heating. 
As a result of the seasonal variation in the in- 
tensity of the sun’s rays on the surface of the 
earth, areas of differential heating fluctuate in 
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the same geographical location with changes in 
season. The ideal circulation pattern (fig. 4-5) 
typifies the average position of differential 
heating areas and assumes a uniform surface 
of the earth in color, shape, and texture. 

4-6. Semipermanent Pressure Areas 

a. Large variation in the earth's physical 
characteristics causes many local surface devia- 
tions from the primary circulation pattern dis- 
cussed above. Friction with the surface of the 
earth and with great mountain ranges tower- 
ing up to 5 miles into the atmosphere produces 
definite changes in the airflow. Another im- 
portant factor is the difference in specific heats 
of land and water surfaces. All of these varia- 
tions from the basic circulation pattern require 
consideration in any realistic view of the atmos- 
pheric circulation in the lower troposphere. 
The average pressure distribution on the sur- 


face of the earth is shown in figure 4-6. The 
corresponding winter wind patterns over the 
ocean are shown in figure 4-7. 

b. Two high pressure cells form in the North- 
ern Hemisphere near 30° north latitude — one 
over the Pacific Ocean and one over the Atlan- 
tic Ocean (fig. 4-5). The presence of high 
pressure over the oceans is in agreement with 
the general circulation theory of the subtropi- 
cal high pressure belt; however, over land at 
this latitude (due to low specific heat of land 
and its more immediate response to insolation), 
the theory breaks down and seasonal pressure 
changes occur. 

c. Between the latitudes 45° to 60,® two high 
pressure cells exist over continental areas — one 
over Canada (the North Americmi high), the 
other over Siberia (the Siberian high ) . In the 
summer, because of long hours of daylight (in- 
solation) in northern regions and because the 
area of the thermal equator will have moved 
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Figure 4-5. Idealized pattern of atmoapherio circidation. 
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Figure ^—6 (A). Prevailing world pressure systems. 










Figure i-7. January and February world wind systems. 
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north of the Equator, these high pressure cells 
retreat to a more localized position near the 
pole and become less intense. 

d. Two low pressure cells form in the North- 
ern Hemisphere over the ocean near the Aleu- 
tian Islands and Iceland. The Aleutian low and 
Icelandic loio are more intense during the win- 
ter season, and verify the location of the polar 
front with its associated low pressure in the 
vicinity of 60“ latitude. In this area, the 
warmer air of the prevailing westerlies (north- 
ern portion of the subtropical highs) is forced 


to ascend over the colder dense air of the con- 
tinental highs. These lotus act like planetary 
gears among the four high pressure cells; the 
highs have winds rotating clockwise and, to pre~ 
vent clashing of the gears, some of the sys- 
tem (cyclones) must rotate counterclockwise. 

e. The six semipermanent pressure systems 
important in the origination and movement of 
air masses and frontal systems are — Siberian, 
Pacific, North American, and Bermuda high 
pressure areas ; and the Icelandic and Aleutian 
low pressure areas. 


Section li. SECONDARY CIRCULATION 


4-7. General 

The secondary circulation consists of a series 
of atmospheric disturbances and irregularities 
in the lower levels of the troposphere. It is 
brought about mainly by the movement of high 
and low pressure systems and the movement of 
air within the pressure systems. These moving 
pressure systems are smaller in extent than 
the semipermanent cells of the general circula- 
tion. They are frequently shallow in depth, and 
move generally from west to east with the pre- 
vailing westerly winds above the surface pres- 
sure systems. A pressure cell may move 600 
miles in 24 hours, with some sections moving 
more rapidly than others. Some pressure cells 
remain stationary for several days, whereas 
others may move eastward at speeds of 50 miles 
per hour. The moving low pressure systems 
generally contain fronts, but frontal weather 
normally is not found within high pressure 
systems. The complete development of cyclones 
is explained in paragraph 7-7. The forces 
which affect the wind in the secondary circula- 
tion are discussed in this section. 

4-8. Pressure Gradient Force 

The intensity of the force acting toward low 
pressure determines wind speed and is indi- 
cated by the spacing between isobars — the 
pressure gradient. The pressure gradient force 
is the initiating force which produces wind. 
The closer the isobars, the stronger the pres- 
sure gradient. The greater the pressure gra- 
dient force, the stronger the wind will be. The 
pressure gradient force always acts directly 
across the isobars toward the lower pressure 
(fig. 4-8). 
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Figure h-S, Pressure gradient. 


4-9. Forces Acting on Air In Motion 

a, Coriolis Force. Coriolis force (named 
after the French mathematician who investi- 
gated it) is an apparent force acting on any 
freely moving body. It is brought about by the 
rotation of the earth. This apparent force 
causes a deflection of winds to the right in 
the Northern Hemisphere and to the left in 
the Southern Hemisphere. The Coriolis effect is 
zero at the Equator and greatest at the poles. 
It always acts at right angles to the direction 
of motion in the Northern Hemisphere. This 
force is directly proportional to the velocity of 
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the moving body and is zero when the velocity 
is zero. Wind starting from south to north in 
the Northern Hemisphere will be deflected until 
it actually flows from west to east. Further 
deflection will not occur because the pressure 
gradient force and the Cox’iolis force are then 
in equilibrium (equal and opposite to one an- 
other) . A similar deflection to the right of the 
oidginal path of motion will occur with any 
wind in the Northern Hemisphere, regardless 
of its oi'iginal direction (north, east, south, or 
west). The Coriolis force changes only the 
direction of the wind and does not change the 
wind speed. Winds produced only by the action 
of pressure gradient and Coriolis forces flow 
parallel to straight isobars. 

b. Centrifugal Force. Isobars are generally 
curved around pressure systems. This curva- 
ture of isobaric values results in centrifugal 
force. Its influence upon the wind is dependent 
upon the linear velocity of the air particles and 
the radius of curvature of the path of the air 
particles. In the high latitudes, the Coriolis 
force is of greater significance than centrifugal 
force, particularly in pressure systems which 
have a large radius of curvature. Near the 
Equator, the centrifugal force is of greater 
importance than the Coriolis force (which is 
negligible), especially in the case of pressure 
systems with small radii. In all cases, winds 
produced by a combination of the pressure 
gradient force, Coriolis force, and centrifugal 
force flow parallel to the curved isobars. 

c. Frictional Force, Friction tends to re- 
tard air movement. Since Coriolis force varies 
with the speed of the wind, a reduction in the 
wind speed by friction means a reduction of the 
Coriolis force. This results in a momentary 
disruption of the balance. When the new bal- 
ance (including friction) is reached, the air 
flows at an angle across the isobars from high 
pressure to low pressure. This angle varies 
from 10® over the ocean to more than 46° over 
rugged terrain. Frictional effects on the air 
are greatest near the ground, but the effects 
are also carried aloft by turbulence. Surface 
friction is effective in slowing the wind to an 
average altitude of 2,000 feet above the ground. 
Above this level, the effect of friction decreases 
rapidly and may be considered negligible. Air 


about 2,000 feet above the ground normally 
flows parallel to the isobars. 

4*-10. Wind Systems 

a. Winds Aloft. 

(1) Gradient wind. Pressure gradients 
initiate the movement of air. As soon 
as the air acquires velocity, the Cori- 
olis force deflects it to the right in the 
Northern Hemisphere. As the speed of 
the air along the isobars increases 
(fig. 4-9), the Coriolis force becomes 
equal and opposite to the pressure 
gradient force. After a period of time, 
the air moves directly parallel to the 
curved isobars if there is no frictional 
drag with the surface. The air no 
longer moves toward lower pressure 
because the pressure gx’adient force is 
completely neutralized by the Coriolis 
force and the centrifugal force. The 
resultant wind is called the gradient 
wind. 

(2) Geostrophic \oind. Computations of 
wind velocity on the basis of pressure 
gradient and Coriolis force are usually 
based on the assumption that the iso- 
bars are straight and that the cen- 
trifugal force is zero. Such a wind, 
blowing parallel to straight isobars, is 
called the geostrophic wind (fig, 
4-10). For practical purposes, the 
gradient wind and the geostrophic 
wind are considered equivalent and 
can be assumed to exist near and 
above 2,000 or 3,000 feet, 

h. Surface Winds. Friction will reduce the 
surface wind speed to about 40 percent of the 
velocity of the gradient wind and cause the 
surface wind to flow across the isobars instead 
of parallel to them. This is because the Coriolis 
force and the centrifugal force are governed 
by the speed of the air particles making up the 
wind, while pressure force depends only upon 
the horizontal spacing of the isobars. The 
forces that were in balance with the pressure 
gradient aloft are weakened when introduced 
to the friction layer over the earth: the pres- 
sure force becomes the dominant force on the 
surface, and the resultant surface windflow 
will be somewhat toward the lower pressure. 
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Fiffiire Geostrophio wind. 

(1) The friction layer. Surface wind is 
acted upon by pressure gradient force, 
Coriolis force, and centrifugal force; 
however, in practice it tends to flow 
across the isobars from high toward 
low pressure (right hand side of fig- 
ure 4-11), This deviation from the 
gradient wind pattern is caused by 
friction, which aifects the air to ap- 
proximately 2,000 or 3,000 feet. The 
amount of friction depends upon the 
nature of the surface. It is least over 
water and greatest over mountainous 
terrain. The average surface wind 
will flow across the isobars toward 


lower pressure at about a 30° angle. 
The surface friction gradually de- 
creases with altitude until the gradient 
or geostrophic level is reached. 

(2) Wind versits altitude. Since the fric- 
tional force decreases with altitude, 
the wind velocity will increase with 
an increase in altitude, This increase 
in wind speed tends to continue above 
the friction layer up to the tropopause. 
Beyond the friction layer, increases 
in wind speed are due to variations in 
the pressure force with elevation. The 
normal variations in wind speed and 
direction with height are shown in 
figures 4-12 and 4-13. 

G. Winds and Pressure Systems, 

(1) In the Northern Hemisphere the gra- 
dient wind flows parallel to isobars 
in a clockwise pattern around high 
pressure centers (anticyclones) and 
in a counterclockwise pattern around 
low pressure centers (cyclones). 

(2) Surface winds (fig. 4-14) in the 
Northern Hemisphere flow clockwise 
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Figure Jt~12. Approximate variation of 
wind velocity with height. 
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Figure Jt~lS. Appi'oximate variation of 
wind direction with height. 


around and away from a center of 
high pressure and counterclockwise 
around and toward a center of low 
pressure. 

(3) An aviator flying above the friction 
layer in the Northern Hemisphere 
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Figure Surface vnndflow in jnreBaiire syatenis. 
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with his back to the wind is to the 
right of an area of low pressure; i.e., 
with a tailwind, lower pressure is to 
the left of the aircraft. Similarly, if 
an aircraft has a tendency to drift off- 
course to the right, it is crossing the 
isobars toward an area of lower at- 
mospheric pressure. 

(4) The relationship of windflow and pres- 
sure systems was discovered by Buys- 
Ballot in 1867, and is called Buys-- 
Ballot* s Laio (par. 4-21) . 
d. Convergence and Divergence. The inflow 
of air toward a cyclone is called convergeneef 
the outflow of air from an anticyclone is called 
divergence. Both processes result from the flow 


of air across isobars. 

(1) The flow of air outward from an anti- 
cyclone causes a simultaneous descend- 
ing action of the air within the high 
pressure area : this descending process 
is called subsidence. As the air sub- 
sides, adiabatic heating (ch. 5) 
decreases the relative humidity and 
produces generally good weather. 

(2) Convergence in low pressure areas 
forces the air to rise, expand, and cool 
adiabatically. This cooling increases 
the relative humidity and produces 
cloudiness, precipitation, turbulence, 
strong winds, and generally poor 
weather. 


Section in. HURRICANES 

4-1 1 . General originating over the Atlantic Ocean, the Carib- 

a. A hurricane is a tropical cyclone, accom- bean Sea, the Gulf of Mexico, the eastern North 

panied by winds of 76 miles per hour or higher, Pacific (along the coasts of Central America 
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and Mexico) j and the tropical areas of the Pa- 
cific Ocean (typhoons). In general, the hurri- 
cane will move in the direction of the prevail- 
ing winds of the area. The principal regions 
and general directions of movement for these 
storms are shown in figure 4-15. 

6. Winds of 75 miles per hour or more are 
called Imrncme- force toincls, regardless of the 
type storm with which they are associated ; but 
the term “hurricane” is properly applied only 
to tropical cyclones with winds equal to or 
greater than this speed. Tropical cyclones with 
winds less than 75 miles per hour are called 
trojyical storms or tropical disturbances. 

4-12. Charting Background 

Although the history of these storms extends 
back to 1494, these early records are fragmen- 
tary. As the islands of the West Indies, the 
shores of the Gulf of Mexico, and the Atlantic 
coast of the United States became more densely 
populated, hurricanes were more often men- 
tioned in historical records. 


a. Studies of the paths followed by storms of 
the West Indies and neighboring regions were 
first made in the early part of the 19th century. 
Thus the records available today span a period 
of over 160 years. The course of the “Great 
Hurricane” of 1780 as plotted by an early ob- 
server is shown in figure 4-16. 

b. With the establishment of meteorological 
stations in the West Indies, and still later with 
the advent of wireless communication, notice- 
able improvement was made in the charting of 
tropical storms for forecasting pui’posea. 

c. Reconnaissance of tropical storms by air- 
craft was begun in 1943, It furnished the 
hurricane warning service with an excellent 
means of detecting the presence and tracking the 
center of tropical hurricanes, as well as for esti- 
mating the wind velocities within their circula- 
tion. Coastal radar stations (military, private, 
and Weather Bureau) also observe and report 
on tropical storms. Figures 4-17 through 4-20 
show the radar scope of the Weather Bureau 
radar at Cape Hatteras, N.C., during the pas- 
sage of hurricane lone, in 1955. 
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Figure 4-16. Track of the ’’Great Hurricane" 
of October 1T80, 
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Figure 4-1 S. Radar view of hw'ricane lone at 
1 :45 a.7n., September 19, 1955, 



Figure 4-17. Radar view of hurricane lone at 
9:05 p.m,. September 18, 1955. 


Fig'ure 4-19. Radar vieio of hurrioane lone at 
8:52 a.m,, September 19, 1955, 
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Piffurc 4—20. Rada)' view of fcuj'n'cane lone at 
Jl:ll September 19, 1955. 


4—13. Cctuses and Formotion 

Many tropical storms develop from small dis- 
turbances carried westward in the easterly trade 
wind belts (fig. 4-21). When an area of wide- 
spread showers is established, atmospheric 
pressure in the shower area is usually lower 
than in surrounding areas and a gradual inflow 
of air takes place. Because of the effect of the 
earth’s rotation, the winds, which otherwise 
would blow directly toward the storm center, 
are deflected to the right in the Northern Hem- 
isphere. A cyclonic system with counterclock- 
wise winds inclined inward is thus established. 
When this process takes place over an area of 
several thousand square miles, it results in a 
circulation characteristic of a tropical storm. 
Observations during the formation of a hurri- 
cane are shown in figures 4-21 through 4-24. 
Some of these cyclonic disturbances develop into 
violent storms (fig. 4-25) within 24 to 36 hours ; 
others reach hurricane intensity only after sev- 
eral days, while by far the largest number 
become no more than mild wind systems with 
unsettled weather. 


84 82 80 78 



Figure 4-21. Pressure and wind conditions at 7 a.m.. 
October 14, 192({, 8ho7ving gentle cyclonic (countcr- 
clockioise) wind circulation of incipient disturbance. 



7 a.m,, October 15, 1926. 
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Figure Pressure and wind coiiditiona at 

7 a.m,, October 10, 1926, 



Figure 4~2i. Wind and pressure conditions on October 
17, 1920, and track of the center of the disturbance. 
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Figure 4~25. Typhoon as photographed by TIROS I 
weather satellite. 


4-14. Formation Regions for Hurricanes 
Affecting the United States 

Hurricanes develop in the belt of light winds 
south of the main trade winds of the southern 
North Atlantic Ocean, western Caribbean Sea, 
and in the Gulf of Mexico, 

4-15. Motions of Storms 

a. At the same time that the cyclonic circula- 
tion is established and the winds begin increas- 
ing in force, the disturbance, as a whole, also 
moves. Thus, there are two movements to be 
considered — (1) the winds directed around and 
slightly inward toward the center of the cyclone, 
and (2) the forward movement of the entire 
counterclockwise wind system. The circulatory 
movement in the fully developed hurricane is 
violent, with the speeds of the wind near the 
center sometimes exceeding 160 miles an hour. 
The progressive movement of the entire system 
while in the Tropics averages only 12 to 14 
miles an hour. This movement usually increases 
somewhat as the storm approaches higher lati- 
tudes, especially after it has recurved to a more 
northeasterly direction. During the recurving, 
many tropical storms move very slowly; some 
remain almost stationary for a day or more. 
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After the recurve (which usually takes place at 
or a little south of 30“ north latitude), the 
storm grenerally moves in a direction between 
north and east, with increasing speed, some- 
times at a rate of 40 to 50 miles an hour in 
higher latitudes. The generally accepted ex- 
planation of these movements is that the storms 
drift with the air currents in which they are 
imbedded. At the surface of the earth, the gen- 
eral circulation of the winds is from an easterly 
direction in the Tropics and, from a westerly 
direction in middle and higher latitudes. 

b. Storms may come under the influence of 
disturbances in either the easterly trade winds 
or the prevailing westerly winds and may alter- 
nate between the influence of these two major 
air currents. Such variable influences may re- 
sult in a number of loops, abrupt turns, and 
unusual movements (fig. 4-26). 

4~16. Hurricane Winds 

а. Preparation of average hurricane tracks 
has been undertaken many times. Because of 
the large variation in paths, these averages are 
not representative of individual storms or sea- 
sons. Tracks of centers of some of the most 
devastating storms on record are shown in fig- 
ure 4-27. 

б. The wind system of the hurricane is more 
or less circular. At the outer limits of the 
storm, the winds are only moderate breezes 
with irregular speed and direction. They in- 
crease in force toward the center of the storm 
to a point about 6 to 15 miles from the center of 
rotation. From this point inward, the winds 
fall off abruptly. The strongest winds often 
reach a sustained speed of 75 to 100 miles per 
hour at the surface, and occasionally even 125 
to 150 miles per hour, with gusts of still higher 
speeds. 

4-17. Center of the Storm 

a. At the center of a tropical cyclone there is 
an area (known as the “eye” of the storm) with 
little or no wind. In this central area, the sky 
sometimes clears so that the sun or stars be- 
come visible. The temperature usually rises and 
the air is dry. All around this relative calm is 
he encircling wall of hurricane winds, which 

"oduees a rumbling or roaring sound. The 

ameter of the relatively calm center averages 


16 to 20 miles, but may be less than 7 miles and 
is rarely more than 30. At sea, the waves in 
the eye of the storm commonly are described 
as mountainous and confused. 

b. When the calm center (“eye”) of the storm 
passes over a place, the calm is preceded by 
winds of great violence from one dii’ection and 
is followed by violent winds from the opposite 
direction. If the hurricane approaches from 
the east, the wind blows first from a northerly 
direction and, after the passage of the calm 
center, shifts to a southerly direction. This calm 
center causes many to believe that the “stoi’m 
came back” ; whereas, it was actually the oppo- 
site side of the whirl. Ignorance of the calm- 
center characteristics has resulted in many 
injuries and deaths. 

4-18. Barometric Pressure 

Normally, in tropical and subtropical regions 
frequented by West Indian hurricanes, the ba- 
rometer reads about 30 inches at sea level. As 
the hurricane approaches, the barometer falls. 
The rate of fall is slow at first but increases 
as the center draws near. The rate of fall de- 
pends upon the depth of the barometric depres- 
sion in the storm and the rate at which the 
storm approaches. In fully developed hurri- 
canes, the barometer nearly always falls below 
29 inches (sea level), and there ai*e many rec- 
ords of readings below 28 inches. In the United 
States, the lowest pressure recorded in a hurri- 
cane at a regular Weather Bureau station was 
27.61 inches at Miami, Fla., in September 1926. 
Changes in barometric pressure and other me- 
teorological conditions observed at San Juan, 
P.R., during a hurricane, are shown on figure 
4-28. 

4-19. Rainfall 

a. The radar pictures in figures 4-17 through 
4-20 show the rainfall pattern about a mature 
hurricane. The white areas on these photo- 
graphs are areas from which the radar signal 
was reflected by waterdrops (rainfall) present 
in the air. The characteristic “spiral band” 
appearance of the rainfall distributed about a 
storm is evident in these pictures. Individual 
convective showers become aligned in this pat- 
tern about the center of most well-developed 
tropical storms. The heaviest rainfall is 
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Figure It~‘ 26 . Tracks of some tropical storms shou'ing irregular motions. 
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Figure i-27. Tracks of some devastating North Atlantic kziT-ricanes. 
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Fiffuve 4.-28. Changes in barometrio pvessuve and othC'V conditions at San Juan, P .R., 
during the passage of a hurricane. 
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ordinarily observed in the right semicircle of 
the storm (to the right of the direction of 
motion of the stoimi). The appearance of the 
spiral band structure changes gradually with 
time, and the individual showers move within 
the band along the spirals. 

b. Rainfall has exceeded 40 inches in a 24- 
hour period in some tropical storms, 

c. When a tropical storm moves inland, it 
usually decreases in intensity. In many in- 
stances, however, much rain continues over the 
land from the clouds associated with the de- 
creasing storm circulation. 

4-20. Storm Surges 

a. The greatest loss of life and destruction 
of property produced by hurricanes is usually a 
direct result of inundation of coastal areas by 
hurricane-induced rises in sea level, or storm 
surges. The rise may be as much as 10 to 15 
feet above normal tide. Usually the storm 
surges along the Atlantic and Gulf coasts of the 
United States range from 4 to 12 feet above 
normal tide. 

b. Figure 4-29 compares the normal tide 
heights at Montauk, Long Island, N.Y. with 
the tide observed during the passage of hurri- 
cane Carol in 1964. A storm surge occurring 
at the time of a normal high tide will result in 
far more flooding than a similar surge at the 
time of a normal low tide. 

4-21. The Law of Storms 

Winds of a hurricane in the Northern Hemi- 
sphere blow counterclockwise around the storm 


center and spiral inward (fig. 4-30) . The la^v 
of storms, as stated by Buy s-B allot, is that the 
observer standing with his back to the wind will 
find the storm center on his left. Since the 
winds blow slightly inward, as well as around 
the storm, the center will be slightly forward 
of a position directly to the observer’s left. 
Strongest winds will occur on the side of the 
storm where the winds are blowing in the same 
direction as the storm is moving; i.e., when the 
cyclone is moving toward the northwest, the 
counterclockwise movement of winds around 
the storm center will produce the strongest 
wind speed in the northeast quadrant of the 
cyclone. 

4-22. Dimensions of the Hurricane 

In small hurricanes, the diameter of the area 
of destructive winds may not exceed 25 miles. 
In some of the great hurricanes, the diameter 
has been as much as 400 to 600 miles. In rela- 
tively small hurricanes, winds sometimes be- 
come as strong and the center pressure as low 
as in the greatest hurricanes. The pattern of 
the isobars, or lines of equal pressure, about the 
center of the hurricane is circular, while the 
wind system is a cross-isobar spiral, with the 
amount of cross-isobar flow varying somewhat 
from quadrant to quadrant. As a rule, the 
tropical cyclone approaches a true circular form 
more closely than does the extratropical cyclone 
of higher latitudes. 

4-23, Frequency 

The annual frequency of tropical storms in 



Frpure A Tide record at Montauk, N.Y,, during hurricane Carol, August 27 to September 2, 1954- 
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the North Atlantic from 1879 through 1966 is 
shown in figure 4-31. The average annual fre- 
quency for the entire period is 7,4. During the 
27 years from 1879 to 1906, the average annual 
frequency was 6.9; for the years 1906 to 1930 
the average was 6.6; and during the years 1931 
to 1966 the average was 9.9 storms per years. 
Figure 4-32 represents these same data grouped 
into 5-year periods from 1901 through 1965. 


4-24. Hurricane Warnings 

a. General. The United States weather serv- 
ices are constantly striving to improve the 
eflfectiveness of the hurricane warning system. 
Modern techniques of aerial reconnaissance, the 
development of long-range radar sets, and ma- 
rine automatic meteorology observation stations, 
along with the data received from weather satel- 
lites, are permitting an accelerated research 
program on the study of hurricanes. Presently, 
the U.S. Weather Bureau uses three types of 
hurricane warnings. These are — 

(1) Hurncane watch. This is an alert to 
the general population, warning them 
that the area may be under the influ- 
ence of a hurricane within 36 hours. 
Indications are not present to definitely 
justify a hurricane warning. 

(2) Gale and ivhole gale xuamings. A gale 
warning is issued to alert the general 
population and marine interests that 
the area is subject to a wind condition 
from 39 to 64 miles per hour; whole 
gale warnings are issued when winds 
from 56 to 74 miles per hour are pre- 
dicted within the next 24 hours. These 
warnings are frequently first issued in 
connection with a hurricane, although 
a hurricane watch may have been is- 
sued earlier to the same general area. 
These warnings may be issued when 
only the fringe of a hurricane is ex- 
pected to affect the area, 

(3) Hurricane warning. This warning is 
issued to warn the general population 
and marine interests that winds of 76 
miles per hour or higher are expected, 
with a possibility of full hurricane 



Figure J^—31, Frequency of North Atlantic, Gulf of Mexico, and Caribbean 
tropical storms per year from 1879 to 1956. 
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Figure i.-32. Nzimber of NoHh Atlantio, Gulf of Mexico, and Caribbea7i 
tropical storms by 5-year periods from 1001 to 1055. 


conditions. The hurricane warning is 
also used to alert the general popula- 
tion of unusually high seas in the 
coastal area (tides and waves) . 
b. Military Installations. Military installa- 
tions with aircraft are confronted with addi- 
tional problems when hurricanes threaten the 
area. Many installations do not have sufficient 
hangar space to protect the aircraft ; therefore, 
it is necessary to fly the aircraft to safe areas 
before the hurricane arrives. Moving the air- 
craft from one installation would not present 
a great problem; however, when a hurricane 
threatens Florida and the adjacent States, large 
numbers of aircraft must be evacuated from 
several installations. The movement of a large 
number of aircraft requires the coordination of 
several agencies. Frequently, it is difficult to 
obtain airspace during mass evacuation under 


the instrument flight conditions that exist in 
large areas ahead of the storm. Evacuation 
problems can be alleviated to a degree by co- 
ordination between the installations involved in 
selecting different points of refuge. Care also 
must be taken during the planning stage in 
selecting a refuge to pi’event the overcrowding 
of airfields. In the past, the lack of prior plan- 
ning has resulted in some airfields receiving 
more aircraft than they could serve. Working 
out the minute details for the evacuation re- 
quires considerable time and effort. Most in- 
stallations now have a warning system that goes 
through different steps as the hurricane moves 
toward the area, (e.g., condition A, condition 
B, and condition C). Complete details are pre- 
pared for each condition and the personnel in- 
volved are kept informed of their assigned duties 
in the evacuation plans. 
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Section IV. OTHER WINDS AND WEATHER 


4—25. Land and Sea Breezes 

During the daytime, coastal lands generally 
become warmer than the adjacent water and a 
lower density will exist in the surface layer of 
air over land than in the surface layer over 
the water (fig. 4-33). This slight difference 
in pressure over the land and water surfaces 
establishes a flow of wind landward (a sea 
breeze) during the day. The force of the sea 
breezes depends upon the amount of insolation 
and terrestrial radiation. Sea breezes are most 
pronounced on clear days, in the summer, and 
in low latitudes. Land breezes (from land to 
sea) occur at night due to the rapid nocturnal 
cooling of the land surface. In areas where a 
well-developed pressure pattern exists, the air 
will be moving along the isobars with sufficient 
speed to overcome surface temperatiu*e varia- 
tions in coastal regions. Under these conditions, 
no land or sea breeze will exist : it will be over- 
powered by the prevailing winds. 

4-26. Valley and Mountain Breezes 

On warm days, winds tend to flow up slopes 
during the day and down slopes during the 
night. This is because air in contact with the 
mountain slopes is warmer than the free atmos- 
phere at the same level during the day and 
colder during the night. Since cold air tends 
to sink and warm air tends to rise, a system of 
winds develops and flows up the mountain side 
during the day and down during the night. The 
daytime movement is a valley breeze ; the night- 
time motion is a mountain breeze. 


4-27. The Monsoon 

a. General. An important factor in the con- 
sideration of world weather phenomena is the 
monsoon and the mechanics of monsoonal cir- 
culation. Monsoons are large-scale phenomena 
which result from the same heating and cooling 
processes that cause the smaller scale land and 
sea breezes. 

h. Temperatures. In winter, the land is 
usually colder than the sea in monsoon areas. 
This results in an outflow of air from land to 
sea. In summer the situation is reversed. In 
large landmass areas (part of which lies near 
the border of the Tropics and thus get a large 
amount of solar heating) , the thermal low pres- 
sure cells developing in the summer may become 
so intense that a large-scale flow of moist air 
from sea to land results. This is the summer 
monsoon. It is characterized by abnormally 
persistent winds and large amounts of precipi- 
tation as moist maritime air rises up the inland 
slope of the land mass. Monsoonal circulation 
is extremely well developed in the India-Burma- 
China region. The southerly circulation in sum- 
mer brings the warm moist air to the continent 
(fig. 4-34) . The winter pressure pattern causes 
a flow of very dry air from the north (fig. 4-35) . 
A similar monsoon circulation is found in North 
America, but it is not as well developed as the 
circulation found in Asia. 

4-28. The Mountain Wave 

a. Numerous aircraft accidents have occurred 
in mountainous areas in strong wind situations, 
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Figure /t~S3. Land-sea effect. 
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Fiffuro Jf~35, Winter monsoon. 


often without a satisfactory explanation at the 
time. In an effort to make mountain flying 
safer, a considerable amount of research is un- 
derway to gain a better understanding of air- 
flow over mountain barriers. Although much 
has been learned, present knowledge is far from 
complete. 

b. First indications of mountain-wave phe- 
nomena came from sailplane pilots searching 
for I'ising air currents. Gliding and slope-soar- 
ing enthusiasts had long taken advantage of the 
rising air currents on the windward side of a 
mountain, and had known that generally there 
is a descending flow on the lee side. However, 
during the 19S0's pilots observed that strong 
air currents, rising to great heights, were occa- 
sionally encountered to the lee of a mountain. 
Following this discovery, record flights (30,000 


feet and higher) were made by using the strong 
currents of the lee of the Alps. In 1952, an 
altitude record of 44,500 feet was established in 
the United States during a period of strong 
mountain wave activity to the lee of the Sierra 
Nevada mountains near Bishop, Calif. From 
theoretical studies and firsthand observations 
by many aviators, a better understanding of 
the typical mountain wave pattern gradually 
emerged. It became apparent that the ascend- 
ing currents were fairly systematic wave pat- 
terns rather than random updrafts, 

G. The characteristics of a typical mountain 
wave are represented in figures 4-86 and 4-37. 
Figure 4-36 shows the cloud formations nor- 
mally found with wave development; figure 
4-37 illustrates the airflow in a similar situa- 
tion. These figures demonstrate that the air 
flows with relative smoothness in its lifting 
component as the wave current moves along 
the windward side of the mountain. Wind speed 
gradually increases, reaching a maximum near 
the summit. On passing the crest, the flow 
breaks into a much more complicated pattern, 
with downdrafts predominating. 

(1) An indication of the possible intensi- 
ties in the mountain wave is reflected 
in verified records of sustained down- 
drafts (and also updrafts) of at least 
3,000 feet per minute. 

(2) Turbulence in varying degrees can be 
expected (fig. 4—37), with particularly 
severe turbulence in the lower levels. 

(3) Proceeding downwind 5 to 10 miles 
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Figure 4-36. Typical cloud formations with 
mountain wave. 



Figure 4-S7. Schematic diagram showing airflow 
in a mountain wave. 


from the summit, the airflow begins to 
ascend as part of a definite wave pat- 
tern. Additional waves, generally less 
intense than the primary wave, may 
form downwind. This event is much 
like the series of ripples that form 
downstream from a rock submerged in 
a swiftly flowing river. 

(4) Manifestations of three waves can be 


seen in figure 4-38. The Army aviator 
is mainly concerned with the first wave, 
because of its more intense action and 
its proximity to the high mountain ter- 
rain. The distance between successive 
waves (wave length) usually ranges 
from 2 to 10 miles, largely depending 
on the existing wind speed and atmos- 
pheric stability, although waves up to 
20 miles apart have been reported, 
d. The Army aviator should know how to 
identify a wave situation and how to plan his 
flight to avoid wave hazards. Characteristic 
cloud forms peculiar to wave action provide the 
best means of visual identification. 

(1) The lenticular (lens shaped) clouds 
in the upper right of figure 4-36 are 
smooth in contour. These clouds may 
occur alone or in layers at heights 
above 20,000 feet (MSL), and may be 
quite ragged when the airflow at that 
level is turbulent, The roll cloud forms 
at a lower level, generally near the 
height of the mountain ridge, and can 
be seen extending across the center of 
figure 4-36. The cap cloud, shown par- 
tially covering the mountain slope on 
the left in figure 4-36, must always be 
avoided in flight because of turbulence, 
concealed mountain peaks, and strong 
downdrafts on the lee slope. The len- 
ticulars, like the roll clouds and cap 
cloud, are stationary. They are con- 
stantly forming on the windward side 
and dissipating on the lee side of the 
mountain wave. 

(2) The cloud forms are generally a good 
guide to the degree of turbulence ; i,e., 
smooth airflow occurs in and near 
smooth clouds and turbulent conditions 
occur where clouds are ragged or ir- 
regular, Smoother conditions exist at 
the lenticular level than near the roll 
clouds (fig. 4-36). However, close 
proximity of smooth and turbulent 
areas is a characteristic of the moun- 
tain wave. Smooth flight conditions 
at the entry of a wave is no assurance 
of continued smooth conditions. Wave 
action also may occur lohen the air 
is too dry to form clouds. Thus, the 
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aviator may fly into a wave area un- 
expectedly when clouds are not present 
to indicate the location of wave activity . 
e. In planning a flight where wave activity is 
suspected, several indications of wave develop- 
ment and intensity are — 

(1) Windflow of about 25 knots or more 
perpendicular to the mountain range. 
Wave action rapidly decreases as the 
winds shift from this direction. 

(2) An increase in wind speed with alti- 
tude up to and above the mountain-top 
height. Within limits, wave action be- 
comes more intense with stronger 
winds. However, very strong winds 
(over 100 knots in the free air above 
the ridge) may eliminate smooth wave- 
flow patterns entirely, causing very 
severe but chaotic turbulence. 

(3) For sustained wave action, the air 
must be stable for a thickness of sev- 
eral thousand feet in the vicinity of 
the mountain ridge. In unstable air, 
the inherent irregular vertical motions 
tend to break up the wave action. 

/. If practicable, avoid flight into the wave 
area. Suggested safeguards for flight into an 
area of suspected wave conditions are to — 

(1) Avoid ragged and irregular-shaped len- 
ticular and roll clouds. 

(2) Approach the mountain range at a 46° 
angle, particularly when flying upwind, 
so that a quick turn can be made away 
from the ridge when flight continua- 
tion appears impracticable. 

(3) Avoid flight into a cloud deck lying on 


the mountain ridge (cap cloud) since 
it can be expected to contain strong 
downdrafts, turbulence, and the haz- 
ards of instrument flight near moun- 
tain level. 

(4) Fly clear of the roll cloud to avoid its 
heavy turbulence and downdrafts. 

(5) Be suspicious of all altimeter readings. 
In a wave condition, the altimeter may 
indicate more than 1,000 feet higher 
than actual altitude, 

(6) When flying into the wind, use updraft 
areas to gain a safe altitude for cross- 
ing the mountain range. In particular, 
look for rising currents upwind of the 
roll cloud and of lenticular altocumu- 
lus if these are near flight level. Since 
apparent updraft areas can be mis- 
leading, care should be used in employ- 
ing this procedure, 

4-29. Foehn (Chinook) Winds 

Foehn winds have a strong downwind com- 
ponent, are dry and warm for the season, and 
are characteristic of many mountainous regions. 
Along the eastern slopes of the Rockies, they 
are known as the chinoolc. When air flows up 
the side and over a mountain barrier, it undei’- 
goes expansion and cools at the dry adiabatic 
lapse rate of 3° C. per 1,000 feet until its tem- 
perature has dropped to the dew point (par. 
2-126). Condensation then occurs, leading to 
the formation of clouds on the windward side 
of the mountains. As the air containing clouds 
rises to the top of the range, the rate of cooling 
is reduced by the latent heat of condensation 
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given to the air, so that the air temperature de- 
creases on the average of 1.5° C. per 1,000 feet. 
Through the course of descent on the lee side of 
the range, warming (caused by compression) 
of the air takes place at the dry adiabatic lapse 
rate of 3° C. per 1,000 feet. Thus, during ascent 
the air gains heat and, having lost its moisture, 
arrives on the plains beyond the mountain as a 
dry, warm wind. For example, if a mass of air 
with a temperature of 68° F. and a relative 
humidity of 60 percent is lifted over a 10,000- 
foot mountain, it will arrive at the base on the 
lee side as a dry air mass with a temperature of 
approximately 86° F. The Foehn wind may 
greatly modify cold winter weather, and has 
an almost magical power to melt snow and ice. 

4~30. Fall Winds (KafabaHc Winds) 

Not all descending air produces a wind that 
is warm. Where a very cold inland plateau is 
adjacent to a coastal region, the force of gravi- 
ty may cause the dense air to drain for several 
days into the surrounding lower elevations. 
These gravity winds heat adiabatically as they 
descend but are still extremely cold. Such cold 
winds are called fall winds or katabatic winds. 
They are usually rather shallow, but wind ve- 
locities over 100 knots may occur. Two examples 
of a fall wind are the Bora of the Adriatic coast 


TM 1-300 

and the Mistral of the northwest coast of the 
Mediterranean Sea. 

4-31. Tornado and Waterspout 

a. Tornado. The tornado (fig. 4-39) is the 
most violent of all storms. It is a whirlpool of 
air ranging in diameter from 200 feet to 2 miles 
with an average diameter of 250 yards. It is 
generally associated with severe squall-line con- 
ditions (lines of thunderstoimis) and is most 
frequently found in the southeastern quadrant 
of a well-developed cyclone and the northeastern 
quadrant of hurricanes. Within the tornado’s 
funnel-shaped cloud, wind speeds are estimated 
to be from 100 to more than 400 knots, but the 
forward speed of the tornado averages only 40 
knots. Not only is the tornado small in area, 
but usually it dissipates its energy in less than 
an hour ; its average life is less than 16 minutes. 

h. Waterspout. The waterspout is normally 
a tornado that occurs over the ocean. It con- 
tains much moisture; whereas, the continental 
tornado is laden with dust and debris fi’om the 
land surface. Waterspouts are also associated 
with thunderstorm activity or extreme atmos- 
pheric instability. The waterspout in figure 
4-40 is a rare phenomena composed of two fun- 
nels merged near the ocean. 



Figure J^-39. Funnel of tornado. 
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Figure i- 40 . Waterspout. 


4-32. Eddy Winds 

When air near the surface flows over obstruc- 
tions such as irregular terrain and buildings, 
the noiTnal horizontal airflow is disrupted and 
transformed into a complicated pattern of me- 
chanical turbulence called eddies (air currents) . 
The size of the eddies varies with the wind 
velocity, the roughness of the terrain, and the 
stability of the air. 

a. With low wind speeds (less than 10 knots) , 
small stationary eddies from 10 to 60 feet in 
depth are produced on both the windward and 


leeward sides of the obstructions. Wind speeds 
between 10 and 20 knots usually produce cur- 
rents several hundred feet in depth. With 
stronger wind speeds (20 knots or greater), 
larger currents form, usually on the lee side of 
the obstructions. These larger currents may be 
carried by the wind for considerable distances 
beyond the obstruction. 

b. The amount and extent of currents are 
affected by the roughness of the terrain. Over 
smooth water surfaces, only a few minor air 
currents form. In mountainous areas, even 
though the wind is light, many currents form. 
Large obstructions to airflow tend to produce 
more extensive air currents than small obstruc- 
tions. 

G. When the air is unstable, once currents are 
formed they continue to grow in height. Such 
currents may extend to altitudes above 10,000 
feet and produce turbulent en route flight con- 
ditions. 

d. The variation in wind speed and direction 
within the eddies frequently causes considerable 
difficulty for aviators landing or taking off in 
small aircraft. The aviator should anticipate 
eddy winds when operating on fields where large 
hangars or similar buildings are located near 
the runways. 

e. A series of air currents (eddies > may also 
affect an aircraft taking off or landing in the 
wake of another aircraft. 
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CHAPTER 5 

ATMOSPHERIC STABILITY AND INSTABILITY 


Section I. ATMOSPHERIC STABILITY 


5-1. General 

To analyze the atmosphere from data gath- 
ered by upper-air soundings (par. 5-7), it is 
necessary to determine the stability of the at- 
mosphere. The temperature lapse rate deter- 
mines the stability of the atmosphere. Atmos- 
phez’ic stability is comparable to mechanical 
stability which may be exemplified by using a 
ball, a round-bottomed bowl, and a table. The 
ball may be placed in three states of equilibrium 
— absolutely stable, neutrally stable, and abso- 
lutely unstable. 

a. Absolute Stability. Set the bowl on the 
table in its normal position, and place the ball 
in the bowl (fig, 6-1) , If the ball is forced to 
move by some outside influence which is later 
removed, the ball will, after a series of oscilla- 
tions, return to its original position. If the ball 
resists displacement from its original position, 
it is in a state of absolute stability. 

b. Neutral Stability. Place the ball on the 
table top (fig. 6-2), If the ball is forced to 
move by some outside influence, it will continue 
to move as long as that influence is present. 
When the influence is removed, the ball will 
come to rest, It has no tendency to continue 
moving away from its original position nor to 
return to its original position ; it is in a state of 


neutral stability. 

c. Absolute Instability, Invert the bowl on 
the table top, and balance the ball on the bottom 
of the inverted bowl (fig. 6-3). If the ball is 
released when it is in this position, it immedi- 
ately begins moving away from its original 
position and does not return. This condition is 
absolute instability. 

5-2, Types of Afmospheric Stability 

As used in meteorology, stability is atmos- 
pheric resistance to vertical motion. For prac- 
tical purposes, the atmosphere is always in one 
of three states of stability : it is either absolute- 
ly stable, absolutely unstable, or conditionally 
U7istable. 

a. Stable air is able to resist vertical motion. 
If it is lifted, it will I'eturn to its original 
level in the atmosphere when the lifting force 
is removed, 

b. Unstable air is not able to resist vertical 
motion. Once a lifting action has set the air 
in motion, it tends to rise by itself. 

c. Conditionally unstable air will act lil 
stable air as long as it is not saturated. One 
clouds begin to form, conditionally unstable a 
will act like unstable air. 

Note. The state of neuti'al stability (par. 5-16 
where the air which is lifted will neither rise nor sh 
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Figure 5-2. Neutral stability. 
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Figure 5-3. Absolute inatahiUty. 


from the position to which it is lifted, is seldom signif- 
icant in large areas of the atmosphere. Where it does 
occur, it is generally in a transitional state between 
stability and instability. When the temperature lapse 
rate is 3® C. per thousand feet, the air has a strong 
tendency to become unstable; but when the lapse rate 
is l.C” C. per thousand feet, the air tends to become 
stable. 

5-3. Lifting Processes 

a. Atmoapheric currents (turbulence) maybe 
induced by any one of the following: processes: 

( 1 ) ThermtU convection (par. 2-1 Oc ) . Air 
which is resting on the earth’s surface 
may be set in motion by surface heat- 
ing which is most noticeable during 
the afternoon. Vertical currents may 
also result when cool air moves over 
a warm surface and is heated by con- 
tact with the warm surface. 

(2) Mechanical convection (par. 2-lOc). 
Air may be lifted by one of two physi- 
cal barriers: 

(a) Orographic lif ling. As air moves 
across the earth’s surface, it is 
frequently forced to rise over hill 
or mountain barriers. Even me- 
chanical turbulence caused by the 
passage of air at high speeds over 
rough terrain features such as 
buildings, ridges, gulleys, and 
similar obstructions may extend 


to altitudes of 10,000 to 14, 
feet in clear air. 

(b) Frontal lifting. Where aii.- n 
boundaries (fronts) exist., 
warmer air is forced to rise < 
the denser cold air mass. 

(3) Convergence. Convergence is tlic 
flow of air into an area. It may re 
from different wind velocities in. i 
tively straight line flow or from 
flow of wind across the isobars at 
surface into regions of low barome 
pressure. As the air rushes into 
cyclonic center from all sides, it i 
in great volumes to compensate JPor 
convergent action (par. 4— lOfi) . 
b. Extent of Vertical Gttrrents. Althc 
the air may be forced to rise by any of 
forms of lifting action, the stability of tin 
mosphere governs the height to which the 
currents will continue to rise. If the aj 
stable, the vertical currents will stop a. s 
distance above the upper limit of the lii 
action. If the air is unstable, the curx*en.ts 
continue to rise as long as the atmosphiori( 
stability exists. These currents may cont 
up to the tropopause. If the air is conditio^ 
unstable, clouds must form before the cui3:t 
can continue to rise above the upper 
the initiating lifting action. -I 
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5~4. The Adiabatic Process 

As a parcel of air moves upward in the atmos- 
phere, the pressure around the parcel decreases 
(par. 2-216). The rising parcel of air expands 
as the pressure around it decreases. This ex- 
pansion allows the air molecules to move farther 
apart than they were at the surface. They 
collide less frequently and produce less tem- 
perature. When air rises 1,000 feet in the 
atmosphere, the resultant expansion of the air 
causes the temperature of the air parcel to de- 
crease 3" C. in unsaturated air and approxi- 
mately 1.5° C. in saturated air. If air descends 
in the atmosphere, the pressure around it 
increases and it is compressed. When air 
expands, it cools ; when compressed, it warms. 
Outside heat energy is neither supplied to nor 
withdrawn from the air during the expansion 
or compression. Such a change in temperature, 
produced solely by a change in pressure, is 
known as an adiabatic 'process. The constant 
rate of cooling and heating in the rising or 
descending parcel of air is known as the adia- 
batic lapse rate. Because air is such a poor 
conductor of heat, the parcel is thermally insu- 
lated as it rises or descends. Changes in adia- 
batic temperature are independent of those that 
occur in the atmospheric layer through which 
the air parcel is rising or descending. 

а. The Dry Adiabatic Lapse Rate. As a par- 
cel of unsaturated air moves away from the 
surface, the adiabatic process produces a tem- 
perature change (decrease) of 3° C. per thou- 
sand feet of rise. This is called the dry adiabatic 
lapse rate (DALR) . Di^y, in this case, does not 
mean that the air is free of water vapor; it 
means that no condensation is taking place. The 
adiabatic lapse rate is unaffected by water vapor 
in the air because all gases expand at the same 
rate as the pressure on them decreases. 

б, The Moist Adiabatic Lapse Rate. As a 
parcel of air rises in the atmosphere and cools 
adiabatically, its ability to maintain moisture 
in the vapor state decreases. As the tempera- 
ture lowers, relative humidity increases until 
the rising parcel of air becomes saturated. At 
this point, the water vapor begins to condense 
from gas to liquid (par. 2-116), This change 
of state releases latent heat (par, 2-lld) to the 
rising parcel of air, so that two processes work 


simultaneously — ^(1) cooling from the expan- 
sion of the air, and (2) condensation which 
adds heat energy to the air parcel. The addition 
of heat reduces the rate of cooling and, as the 
air continues to rise, the resultant temperature 
decreases at the rate of approximately 1.5° C. 
per thousand feet. This new rate of cooling is 
called the moist adiabatic lapse rate (MALE). 
It is used for any rising parcel of air in which 
clouds are forming. 

5~5. Stability and Temperature Lapse Rate 

The stability of an atmospheric layer is gov- 
erned by the temperature lapse rate within the 
layer. The observed lapse rate (OLE) is the 
temperature change with altitude which occurs 
in air that is not moving vertically. The OLE 
is usually measured with radiosonde equipment. 
Over the United States the average rate of tem- 
perature decrease with altitude is 2° C. per 
thousand feet. The actual change in tempera- 
ture with altitude may vary from an inversion 
to a decrease of more than 3° C. per thousand 
feet. The .relationship between stability and 
the temperature lapse rate is illustrated in fig- 
ures 6-4 through 6-6. 

а. Absolute I'nstability (fig. 6-4). Figure 
6-4 (A) shows a parcel of unsaturated air at 
the sui'face with a temperature of 15° C. The 
OLE is 4° G. per thousand feet, being 16° C. at 
the surface and 11° C. at 1,000 feet. If parcel 
E (approximately 1 cubic foot of air) is lifted 
by some force to an altitude of 1,000 feet, it will 
expand and cool adiabatically to a temperature 
of 12° C. at 1,000 feet ((B), fig, 6-4). The 
rising parcel of air E' is now warmer than its 
surroundings, and will continue to rise even 
though the original lifting force is removed. 
The air is not able to resist vertical motion but, 
once lifted, will continue to rise by itself — it is 
unstable. If the OLE is greater than 3° C. per 
thousand feet, air is absolutely unstable. 

б. Absolute Stability (fig. 5-6). Figure 
5-6 (A) shows a parcel of . unsaturated air at 
the surface with a temperature of 16° C. The 
OLE is 1° C. per thousand feet, being 16° C. 
at the surface and 14° C. at 1,000 feet. If 
parcel F is lifted by some force to an altitude 
of 1,000 feet, it will expand and cool adiabati- 
cally to a temperature of 12° C. at 1,000 feet 
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Figure 5~i, Absohiie instahility in the atinoaphero. 


((B), fig 6-6). The rising parcel of air F' is 3,000 feet, If parcel G is lifted to an altitude 

now colder and heavier than its surroundings, of 3,000 feet, it will expand and cool adiabati- 

As soon as the lifting force is removed, parcel cally to a temperature of 8® C. ( (B), fig. 6-6). 

F' will sink back to its original level at the The rising parcel of air G‘' is colder and heavier 

surface. The air resists vertical motion — it is than its surroundings, and will return to 2,000 

stable. When the OLR is less than 1,6“ C. per feet once the lifting force is removed. As long 

thousand feet, the air is absolutely stable. as the parcel of rising air remains unsaturated 

c. Conditional Instability (fig. 5-6). Nor- (no clouds forming), it acts like stable air and 
mally air has an OLR between 1.5“ C, and 8° C. will tend to resist vertical displacement. How- 

per thousand feet. This means that the air is ever, if the air at 2,000 feet becomes saturated, 

neither absolutely stable nor -absolutely un- clouds will form throughout the entire lifting 

stable. If the OLR is between the moist and process. The heat released from condensation 

dry adiabatic lapse rates, the air is conditionally will change the adiabatic rate of cooling from i 

unstable. Figure 6-6 (A) shows a parcel of 3“ C, to 1.6° C. per thousand feet ((C) and 

un saturated air G at 2,000 feet with a tempera- (L)) > fig* 6—6) , With the same surface tempera- 
ture of 11“ C, The OLR is 2° C. per thousand ture and OLR as used in ( (A) and^ (B), fig. 

feet, being 11“ C, at 2,000 feet and 9“ C. at 6-6), but with clouds forming, the air will no 
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longer have stable characteristics. If parcel H 
is lifted to 3,000 feet altitude ((D), fig. 5-6), 
it will expand and cool to 9.5" C. At the 3,000- 
foot altitude, parcel H' will have a temperature 
one-half a degree warmer than the surround- 
ing air layer. Since parcel H' is warmer and 
lighter than its surroundings, it will continue 
to rise, and the cloud will continue to develop. 
The air will act like unstable air if it becomes 
saturated (if clouds form). This air is said to 
be conditionally unstable. Clouds forming in 
this type of air will be of the cumuliform type. 
Conditional instability is the most common 
state of stability in the atmosphere. 

d. Lifting Condensation Level and the Level 
of Free Convection. The lifting condensation 
level is the altitude to which a parcel of air must 
be lifted for saturation to occur. This altitude 
is controlled by the temperature-dew point 
spread of the air at the surface. The level of 
free convection is the altitude to which air must 
be lifted by some outside force before it will 
continue to rise by itself. Figure 5-7 illus- 
trates the lifting condensation level and level 


of free convection in a parcel of conditionally 
unstable air which is displaced 4,000 feet (verti- 
cally) by a mountain. 

(1) At the surface, parcel X (fig. 5-7) 
has a temperature of 15° C. and a dew 
point of 12" C. As the air is lifted up 
the windward side of the mountain, it 
will expand and cool at the appropri- 
ate adiabatic rates (3° C. per thousand 
feet while unsaturated, 1.5° C. per 
thousand feet when saturated). At 
the 1,000-foot level the air will have 
cooled to its dew point temperature. 
Any further lifting beyond this alti- 
tude will produce clouds. Therefore, 
1,000 feet is the lifting condensation 
level for parcel of air X. At this 1,000- 
foot level the parcel of air would act 
like stable air because it is colder than 
the surrounding air layer (13° C.). 

(2) As the parcel is further lifted by the 
upslope flow over the mountain, its 
temperature gradually becomes the 
same as that of the surrounding air 
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Figxivc 5-7. Conditionally unstable air being lifted. 


layers, A slate of equilibrium is 
reached at 3,000 feet. Any further 
lifting above 3,000 feet will cause the 
temperature of the lifted parcel to be- 
come warmer than the surrounding 
air. Therefore, 3,000 feet is the level 
of free convection in this parcel of air. 

(3) By the time the air reaches the top 
of the mountain at 4,000 feet, the ris- 
ing parcel is 0.6° C. warmer than the 
surrounding air layer, so it will con- 
tinue to rise without further mechani- 
cal lifting. The air becomes unstable 
after it has been lifted beyond the lev- 
el of free convection. The mass of air 
from which the parcel was displaced 
is conditionally unstable; the OLR is 
bet^vGen the moist and dry adiabatic 


lapse rates. As clouds form in the dis- 
placed air (decreasing the water vapor 
content of the air) , the dew point tem- 
perature decreases directly with the 
air temperature of the parcel. 

5-6. Stability and Moisture Content 

Warm air with a large amount of water 
vapor pi’o duces the most violent weather phe- 
nomena (hurricanes, thunderstorms, and torna- 
does) . As this air travels across the earth, 
sufficient lifting will release latent heat of 
condensation and produce unfavorable flying 
conditions. The temperature of the air, the 
degree of lifting, the observed lapse rate, and 
the moisture content determine the type and 
violence of the weather. 


Section II. INTERPRETING THE ATMOSPHERIC SOUNDING DIAGRAM 


5-7. The Radiosonde Observation 

The atmospheric sounding diagram is a ver- 
tical-plot graph of pressure, temperature, and 
moisture data above a selected geographical lo- 
cation. The raw data is gathered by means of 


a radiosonde instrument carried aloft by bal- 
loon — pressure, temperature, and dew point 
are evaluated from the radiosonde transmis- 
sions, Transcribed to the atmospheric sounding 
diagram (Skew T, log p), the graphic picture 
represents the physical properties of the atmos- 


AGO 8148A 


5-7 









C I, TM 1-300 


phere over a particular geographical location 
at a particular time. The graphic display in- 
cludes stability, cloud layers, freezing level, po- 
tential icing levels, and the temperature at any 
altitude. 

5- 8. Coordinates 

Figure 5-8 is the USAF Skew T, log p Dia- 
gram inserted inside the back cover of this 
manual. Its coordinates and reference lines 
are explained below. 

iVote, Figure 6-8 is numbered as figure 86 on the 
foldout inside the back cover of this TM. 

ft. Pressure, Isobars (line A A, fig. 6-8) are 
represented by straight horizontal brown lines 
arranged on a logarithmic scale (log p) . Pres- 
sure values are shown in brown at 60-millibar 
increments, from the 1,050- to the 100-millibar 
level. The height, in feet, of each 60-millibar 
level (U. S. Standard Atmosphere) is in paren- 
theses under the pressure label along the left 
edge of the chart. The section of the diagram 
from 400 to 100 millibars can also be used for 
a range of 100 to 25 millibars by reference 
to the auxiliary pressure scale printed in brack- 
ets outside the left edge and inside the right 
edge of the chart. 

h. Temperature. Isotherms (line BB„ fig. 

6- 8) are shown as straight brown lines sloping 
upward to the right (Skew T) . Temperature is 
represented on a linear scale and the isotherms 
are equally spaced. They are labeled at 5° C. 
intervals in brown. Every other 10“ C. incre- 
ment is shaded green. 

c. Dry Adiahats. The rate at which dry air 
cools or warms during adiabatic ascent or 
descent is depicted by curved brown lines, con- 
cave at the top, and sloping upward to the 
left (line CC, fig. 6-8). These lines cross the 
1,000-millibar isobar at each 2“ C. and are la- 
beled at 10“ C. intervals in brown within the 
chart, on the right and left edge, and on the 
top. The figures in parentheses are dry adia- 
’''lues for using the chart between the 
c 1 rtA 26 millibars. 

’^enresentations of the 
;ools during ascent 
these curved green 


lines (line DD, fig. 6-8) slope upward to the 
left. They cross the 1,000-millibar isobar at 
2“ C. intervals and are labeled along the 630- 
and 200-millibar isobars in green. Moist adia- 
bats do not extend above the 200-millibar level. 

e. Mixing Ratio. The mixing ratio is de- 
fined as the mass of water vapor per unit mass 
of perfectly dry air. Lines of constant satura- 
tion mixing ratio are shown as dashed green 
lines sloping upward to the right (line EE, fig. 

5- 8) , They are labeled in grams of water vapor 
per thousand grams of dry air, at the base of 
the chart in green. These lines extend only to 
the 200-millibar level. 

Figure 6-8, Atmospheric Sounding Diagram, 
{Located in back of wawuoi) 

/. Thickness Scale. The thickness of several 
standard layers is shown by horizontal scales in 
black at the middle of each layer (line FF, fig. 

6- 8) . These scales are labeled in hundreds of 
feet (i.e., 90 means 9,000 feet). Tick marks in- 
dicate increments of 10 feet. 

Scales are included for the following layers : 


Thickneaa layer 

AfilUbar level at which 

(»« wt'Mf bars) 

scale ia printed 

1,000-700 

838 

1,000-600 

708 

700-600 

692 

600-300 

388 

300-200 

246 

200-160 

172 

160-100 

122 

100-60 

71 

60-26 

83 


g. Temperature-Pressure^H eight Nomogram, 
To find the height of the 1,000-millibar level, a 
nomogram is printed in black with a pressure- 
height scale along the left edge and a tempera- 
ture scale along the upper edge, 

h. Standard Atmosphere Scale and Curve. 
An International Civil Aviation Organization 
(ICAO) standard atmosphere height scale, 
printed in black, is located along the right edge 
of the diagram. The height in kilometers is 
printed on the left side of the line and in thou- 
sands of feet on the right side. 

i. Free Air Temperature Curve. The free 
air temperature curve of the ICAO standard at- 
mosphere is represented by a heavy brown line 
curving from 17“ C. at the 1,060-milUbar level 
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to -66® C. at the 233-millibar level. From the 
233-millibar level, the curve parallels the 
— 66® C. isotherm to the top of the chart (line 
CG, fig. 6-8, parallels a portion of the ICAO 
standard atmosphere line) . 

j. Wind Plotting Staffs. Just to the left of 
the standard atmosphere height scale, three 
vertical black lines are printed, with circles at 
the 1,000-, 850-, 700-, 600-, 400-, 300-, 260-, 
200-, 160-, and 100-millibar levels. A dot is 
printed at the standard wind-reporting levels. 
These points are used for plotting wind veloci- 
ties on the chart. 

h. Fahrenheit Temperature Scale. Across 
the base of the chart, a horizontal line, grad- 
uated in degrees Fahrenheit, may be used for 
conversion of centigrade temperatures. The 
centigrade isotherm may be project by placing 
a straightedge along the isotherm to intersect 
the Fahrenheit scale. 

5-9. Analysis of Atmospheric Sounding 
for Aviators 

а. Observed Temperature Lapse Rate. The 
observed temperature lapse rate, also referred 
to as the temperature lapse curve or sounding 
curve, represents the actual temperature lapse 
rate in the atmosphere, as determined from the 
radiosonde. The aviator can obtain the temper- 
ature for any desired flight level from the tem- 
perature lapse rate and altitude scale by (1) 
referring to the desired height on the altitude 
scale, (2) locating a point on the temperature 
sounding horizontal to the altitude, and (3) 
reading the temperature ordinates (isoth- 
erms). The temperature sounding curve is indi- 
cated by an unlettered solid black line (fig. 
5-8). 

б, Observed Dew Point Temperature Lapse 
Rate. The dew point temperature lapse rate, 
indicated by an unlettered black broken line 
(fig. 6-8) is determined from the radiosonde 
observation and is used in determining the 
moisture content for any desired level in the at- 
mosphere. It is also used for determining cloud 
bases, cloud tops, cloud types, icing conditions, 
the type of potential icing, and the stability of 
the atmosphere. 

c. Absolutely Stable Air. The observed lapse 


rate (line AB, fig. 6-9) shows a temperature of 
14® C. at the 963-millibar level and -2® C. at 
the 626-millibar level. The difference in tem- 
perature between the two levels is 16® C. If 
unsaturated air having a temperature of 14® 
C. is lifted from the 965-millibar level, it will 
not cool according to this line, but according to 
the dry adiabatic rate. It will follow the dry 
adiabat until it becomes saturated (line AAi, 
fig. 6-9). The saturated air at point A, then 
follows the moist adiabat to the 526-millibar 
level (Aa). By the time the air reaches the 
626-millibar level, it will have cooled from 14° 
C. to a temperature of - 22° C., and will be 
much cooler than the layer of air through 
which it is rising. Since it is cooler than the 
surrounding air, it will be heavier and will re- 
turn to its former position when the lifting 
force is removed. This air is absolutely stable. 

d. Absolutely Unstable Air. Line CD (ftg. 
6-9) indicates a temperature of 12® C. at the 
960-millibar level and a -11° C. temperature 
at the 790-millibar level. The temperature dif- 
ference between the two altitudes is 23° C. If a 
parcel of air is lifted between these two iso- 
bars, it will follow the dry adiabat until it 
reaches saturation (line Ci). From that point 
it will follow the moist adiabat. During this as- 
cent (from C to Cs), the parcel will cool only 
16® C. and will be warmer than the surround- 
ing air ; it will continue to rise. The air is abso- 
lutely unstable. 

e. Conditional Instability, The difference in 
temperature represented by line EP (fig. 5-9), 
between points E and F, is 20° C. If a parcel of 
air is lifted from point E, it will follow the dry 
adiabat until it becomes saturated (point Ei). 
The air will then follow the moist adiabat. The 
lifted parcel will remain cooler than its sur- 
roundings, acting like stable air until it 
Tii’reaches point Ez. The moisture content and 
amount of lifting is the condition that deter- 
mines the stability of the layer. After passing 
Ez, the rising parcel will be warmer than the 
surrounding air and will become unstable. This 
air is conditionally -^^unstable. It had to be 
lifted above the lifting condensation level to 
the level of free convection before it would 
continue to rise by itself. 
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/. Quick Amlysis of Stability on the Atmos- 
pheric Sounding Diagram. When the slope of 
the sounding curve is to the right of the moist 
adiabat ((A), fig. 5-10), the air is absolutely 
stable. When the slope of the sounding curve is 
to the left of the dry adiabat ((B), fig. 5-10), 
the air is absolutely unstable. When the slope 
of the sounding curve is between the moist and 
the dry adiabats ((C), fig. 6-10). the air is 
conditionally unstable. This same method can 
be used for determining stability on the USAF 
Skew T, log p diagram (fig. 5-8): the layer 
from the surface to the 900-millibar level is 
conditionally unstable, the layer from the 900- 
millibar level to the 800-millibar level is sta- 
ble, and the layer from the 800-millibar level 
to the 715-millibar level is stable. 
g. Cloud Levels. 

(1) A radiosonde sounding for tempera- 


ture and dew point is plotted on the atmos- 
pheric sounding diagram (fig. 5-8). Some se- 
lected approximate temperatures and dew 
point temperatures, from the sounding, are in- 
dicated below. 


MUlihar levels 

“C. Free 
air temperature 
(aoifd black Itne) 

'’C. Dew point 
temperature 
(daehed black too) 

975 

6.0 

1.0 

900 

- 1.0 

- 2.6 

800 

- 6.0 

- 6.6 

780 

- 3.5 

- 8.6 

716 

+ 1.6 

- 4.0 

600 

- 7.6 

- 12.6 

520 

- 17.5 

- 20.6 

450 

- 27.6 

- 28.6 

400 

- 33.6 

- 34.6 


(2) Clouds should be assumed to be pre- 
sent when the temperature-dew point spread is 
2® C. or less (fig. 5-8), 
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Figure 5-10. Stability enter ia, 


the base of the lower cloud layer is at 
the 910-millibar level, because at this 
point the temperature and the dew 
point are within 2“ C, of each other. 
The top of the cloud layer is at the 


755-millibar level, because this is the 
first point at which the temperature 
and dew point curve are more than 
2'^ C. apart. 

(3) Further analysis of the chart shows 
that between the 755-millibar and the 
470-millibar level, the spread between 
free air temperature and dew point 
temperature is more than 2“ C. — there 
are no clouds between these levels. 

(4) At the 470-millibar level, the tempera- 
ture and dew point again come within 
2° C. of each other and clouds will 
exist at that altitude. These clouds 
extend up to the 400-millibar level. 

h. Cloud Types. The general type of clouds 
can be determined by knowing the stability of 
the air at the level where clouds exist. Strati- 
form clouds are associated with stable air, and 
cumuliform clouds with unstable air. After 
determining the stability and referring the 
height of the base of the cloud to the altitude 
scale, the cloud can be placed in its general 
classification (high, middle, or low) and the 
type can then be determined (cumuliform or 
stratiform). The clouds represented in figure 
5--8 are stratus (low layer) and cirrostratus 
(high layer) . 

i. Icing. (See also Icing, ch. 9.) 

(1) General, Clear ice will form on the 
structure of an aircraft when clouds 
are present, the air temperature lies 
between 0“ C. and —10° C., and the 
air is unstable. Rime ice will form in 
unstable cloud layers at temperatures 
between —10° C. and —20° C. because 
most of the larger water droplets will 
have been replaced by ice crystals. If 
an air layer is stable, rime ice will 
form in visible moisture at tempera- 
tures between 0° C. and —20° C. 

(2) Freezing and icing levels. 

(a) The free air temperature line (fig. 
5-8) crosses the 0° C, temperature 
ordinate at approximately the 910- 
millibar level (the freezing level) 
and does not recross the 0° C. tem- 
perature ordinate until it reaches 
the 736-millibar level. Since visible 
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moisture and freezing temperatures 
exist in this area, and the air is 
stable, rime ice will form on the 
structure of an aii’craft passing 
through it. 

{b) From the 735-millibar to the 690- 
millibar level temperatures are 
above freezing, but above the 690- 
millibar level temperatures ai’e be- 
low freezing. Because no visible 
moisture is present within the layer, 
between 690 millibars and 470 milli- 
bars, no structural icing will form, 
(c) Above the 470-millibar level, visible 


moisture is present, but due to ex- 
tremely low temperatures it is in 
the form of ice crystals and serious 
icing will not occur. 

j. Temperalure Inversion. The temperature 
sounding curve (fig. 5-8) indicates that the air 
becomes increasingly colder with altitude until 
the 800-millibar level is reached. The tempera- 
ture increases with altitude between the 800- 
millibar and 715~miilibar levels; therefore, a 
temperature inversion exists in this layer. 
Clouds, haze, dust, and smoke layers often re- 
strict visibility beneath such inversion layers. 
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CHAPTER 6 
AIR MASSES 


Section 1. GENERAL 


6-1. General 

An air mass is a large body of air whose 
physical propei’ties (mainly temperature and 
humidity) are relatively uniform horizontally. 
The ’various types of air masses are identified 
by the geographical area where they form. A 
periodic interchange between wai^m air masses 
and cold air masses characterizes the weather 
of the Temperate Zones. Warm air masses pre- 
dominate in the summer and cold air masses in 
the winter, although either may exist almost 
anywhere in the Temperate Zone at any season. 

^ Note, Wherevei’ weather occurs, it is generally 
within an air mass or along the boundaries (fronts) 
between air masses (ch. 7). 

6-2. Factors Which Determine the Charac- 
teristics of An Air Mass 

The Gharaeteristics of an air mass include 
the stability, cloud types, sky coverage, visi- 
bility, precipitation, icing, and turbulence in 
addition to the basic properties of humidity 
and temperature. The terrain surface under- 
lying the air mass is the primary factor in 
determining air mass characteristics. 

a, The characteristics of an air mass are 
acquired in the source region, The source re- 
gion is the surface area over which an air mass 
originates. The ideal source region has a uni- 
form surface (all land or all water), a uniform 
temperature, and is an area in which air stag- 
nates to form high pressure systems. 

b. Two secondary factors affecting air mass 
characteristics are — 

(1) The air mass trajectory. Thepathover 
which an air mass travels after ex- 
panding and leaving the source region 
is called the air mass trajectory. Over 
a period of time, the trajectories of 


each specific air mass form a general 
pattern. Air masses often move over 
several different types of surfaces 
(mountains, plains, plateaus, barren 
land, water, snow-covered areas, etc.) 
along their trajectories, and each sur- 
face affects the moving air mass. 

(2) The age of the air mass. The length of 
time the air mass has been away from 
the source region is called the age of 
the air mass. As an air mass moves 
along its trajectory, its characteristics 
are changed by the underlying surface ; 
the air mass is modifying. The extent 
of modification depends upon (a) the 
temperature and moisture contrast be- 
tween the air and the surface, (b) the 
terrain features, and (c) the time the 
air mass ha.s been away from the 
source region. An ^‘old” air mass may 
be modified to such an extent that its 
original characteristics disappear and 
the weather within the air mass com- 
pletely changes. 

6-3. Air Mass Classification 

The standard classification of air masses 
and the nomenclature used to identify each air 
mass describes both the geographic and thermo- 
dynamic aspects of the air mass. 

a. The geographic classification identifies the 
source region (temperature and moisture). 

(1) Temperature. The latitude of th< 
source region determines the relative 
air mass temperature. Therefore 
capital-letter abbreviations which iden- 
tify the latitude of the source region 
are used to indicate the air mass tem- 
perature; i.e., A — Arctic, P — Polar, 
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T — Tropical, and E — Equatorial. The 
two indicators most commonly used 
in Temperate Zone weather analysis 
are P — Polar and T — Tropical. 

(2) Moisture. The relative moisture con- 
tent is indicated by a small-letter ab- 
breviation for the type of surface 
(land or water) over which the air 
mass originates. A land-source air 
mass is designated by the small letter 
“c” to indicate a continental air mass ; 
a water-source air mass is designated 
by the small letter “m" to indicate a 
maritime air mass. These small-letter 
moisture designators precede the 
capital-letter temperature designators. 
For example, mP indicates a maritime 
polar or moist cold air mass ; cP indi- 
cates a continental polar or dry cold 
air mass. 

Note, Maritime air has a much higher 
moisture content than continental air; thus, 
precipitation and cloudiness will be more 
abundant in maritime than in continental air 
masses. 

b. The thenmodynamic classification indicates 
stiibility or instability. When the air is warmer 
than the surface over which it is moving, it is 
cooled by contact with the cold ground and be- 
comes more stable; when the air mass is colder 
than the surface over which it is moving, it is 
heated from below and convective currents and 
instability result. A small letter “w" indicates 
that the air is warmer than the surface over 
which it is flowing and is, therefore, stable. A 
small letter “k” indicates that the air is colder 
than the surface over which it is flowing and 
is, therefore, unstable. 

6-4. Air Mass Designation 

The following designators identify air masses 
that frequently affect the northern Temperate 
Zone ; 

mPk (maritime polar cold) has its source 
region over an ocean north of 40“ 
north latitude and is colder than the 
surface over which it is traveling. 
mP^v (maritime polar warm) has its source 
region over oceans north of 40“ north 
latitude and is warmer than the sur- 
face over which it is traveling. 
mTw (maritime tropical warm) has its 


source region over oceans between 
10° and 30° north latitude and is 
warmer than the surface over which 
it is traveling. 

mTk (maritime tropical cold) has its 
source region over oceans between 
10° and 30° north latitude and is 
colder than the surface over which it 
is traveling. 

cPk (continental polar cold) has its 
source region over land areas gener- 
ally between 40° and 60° north lati- 
tude and is colder than the surface 
over which it is traveling. 
cT (continental tropical) has its source 
region over a land area south of about 
30° north latitude. 

6-5, General Characteristics of Air Masses 

The following weather conditions are typical 
of the air masses with which they are identi- 
fied. Knowledge of these weather characteris- 
tics will aid an aviator in predicting, with 
considerable accuracy, the flying conditions 
likely to be found within any given air mass, 
a. Cold (k type) Maritime Air Mass. Gen- 
eral characterivstics of a cold maritime air mass 
are — 

(1) Cumulus- and cumulonimbus-type 
clouds. 

(2) Generally good ceilings (except within 
precipitation areas). 

(3) Excellent visibility (except within 
precipitation areas). 

(4) Pronounced air instability (turbu- 
lence) in lower levels due to convective 
currents. 

(5) Occasional local thunderstorms, heavy 
showers, hail, or snow flurries. 

h. Wa^m (u) type) Mantime Air Mass. Gen- 
eral characteristics of a warm maritime aii 
mass are — 

( 1 ) Stratus- and stratocum ulus-type clouds 
and/or fog. 

(2) Low ceilings (often below 1,000 feet) . 

(3) Poor visibility (since haze, smoke, and 
dust are held in lower levels) . 

(4) Smooth, stable air with little or nc 
turbulence. 

(6) Occasional light continuous drizzle oi 
rain. 
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c. Continental Air Mass. Continental air 
masses are associated with good flying weather ; 
i.e., clear skies or scattered high-based cumuli- 
form clouds, unlimited ceilings and visibilities, 
and little or no precipitation. However, two ex- 
ceptions are — 

(1) Intense surface heating by day may 
produce strong convection (turbu- 
lence) with associated gusts and blow- 
ing dust or sand (par. 6-11). 

(2) Movement of cold dry air over warm 
moist water surfaces may produce 
dense steam fog and/or low overcast 
skies with drizzle or snow. If the air 
continues its movement into mountain- 
ous terrain, heavy turbulence, icing, 
and showers may develop (par. 6-9a). 

6—6. Source Regions ond Trajectories 

a. Sou7'cc Regions. To understand the be- 
havior of the weather within the various air 
masses, it is necessary to know the general 
characteristics of their source regions. The 
source regions of air masses in the Northern 
Hemisphere and their general characteristics 
are as follows: 

(1) Arctic air mass source region. In the 
general circulation pattern, there is a 
permanent high pressure sy.stem sur- 
rounding the geographical pole. Within 
the high pressure area the air moves 
slowly around the arctic ice cap, form- 
ing an arctic air mass. Characteristi- 
cally, arctic air In the source region is 
dry aloft and very cold and stable in 
the lower levels. (See also sec. I, app. 
III.) 

(2) Contmental polar source regio7i. Polar 
air is not as cold as arctic air. The 
continental polar source regions con- 
sist of all the land areas dominated 
by the Canadian and Siberian high 
pressure cells. In the winter, these 
regions (generally between latitudes 
45° north and 65° north) are com- 
pletely covered with a layer of snow 
and ice. Even in the summer, much 
of the ice remains and the ai’eas are 
still relatively cold. Because of the 
intense cold and the absence of water 
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bodies, very little moisture evaporates 
into the air. 

Note. The word polar, when applied to 
ah' masi> designation, does vot mean air 
around the poles. Air masses in tlie imme- 
diate polar region ai’e designated as arctic. 

(3) Maritime polar .source region. The 
maritime polar source region consists 
of the open unfrozen polar sea region 
in the Atlantic and Pacific oceans. 
These water surfaces are a source of 
considerable moisture for polar air 
masses. Air masses forming over this 
polar sea region are moist in the lower 
layers, but the vapor content is limited 
by the cool air temperature. 

(4) Continental tropical source region. A 
continental tropical source region can 
be any significant land area in the 
tropical regions, generally between 
latitudes 10° and 30° north and south. 
The large land masses in the tropical 
region are usually desert areas, such as 
the Sahara or Kalahari of Africa, the 
Arabian Desert, and the entire region 
of inland Australia. The a'r lying over 
these regions is hot, dry, and unstable. 

(5) Maritime tropical .source region. The 
maritime tropical source region is that 
vast zone of open tropical sea along the 
belt of subtropical anticyclones north 
of the Equator (Pacific and Bermuda 
highs) . Semipermanent high pressure 
cells stagnate over the northern edge 
of the tropical source regions through- 
out most of the year. The air tempera- 
ture is warm in these low latitudes, 
and the water vapor content of the 
air is very high. 

(6) Equatorial source region. The equa- 
torial source region is located in the 
vicinity of the thermal Equator (dol- 
drums) from about 10° north latitude 
to 10° south latitude. It is essentially 
an oceanic belt, very warm, and very 
high in moisture content. Conver- 
gence of the trade winds from both 
hemispheres and intense insolation 
over this region cause voluminous lift- 
ing of the moist, unstable air to high 
levels. The weather is characterized by 
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considerable thunderstorm activity 
throughout the year. 

b. Trajectones. As an air mass leaves its 
source region, it is modified by the different 
types of surfaces over which it moves, and by 
the nature and methods of heat transfer (par. 
2-10) taking place within the air mass. For 
example — 

(1) Cold dry air moving over a surface 
that is wann and moist will soon be- 
come warm and moist in the surface 
layer. The air mass is classified as 
cPj even though the surface layer has 
been modified by the trajectory over 
warm water. The upper air still re- 
tains its cold diy characteristics. 
However, when an air mass moves into 


a different source region, such as a 
cP air mass from Canada moving into 
an niP source region in the North At- 
lantic, the modification over several 
days may affect the mass to the extent 
that it can be reclassified from cP 
to mP. 

(2) Warm moist air moving over hot diy 
continental areas will lose some of its 
moisture each day as surface heating 
causes clouds to form and precipita- 
tion to occur. The longer the air mass 
is out of its source region, the less it 
will have of its source region char- 
acteristics. An “old” air mass tends 
to take on the characteristics of the 
surface over which it is moving. 


Section II. AIR MASSES AFFECTING THE UNITED STATES 


6 — 7 . Generol 

The basic considerations in air mass analysis 
(sec. I) ai*e applicable to a study of air mass 
weather throughout the world. However, local 
variables, such as the distribution and orienta- 
tion of mountain ranges, the flow and tempera- 
ture of ocean currents, prevailing pressure 
patterns, and the distribution of land and water 
surfaces, are too numerous to allow a detailed 
worldwide air mass analysis in the scope and 
space of this manual. These world air mass 
characteristics are discussed briefly and gen- 
erally in appendix III. This section presents a 
more detailed analysis of the air masses affect- 
ing the weather of the continental United States 
(figs. 6-1 and 6-2) . 

6—8. Maritime Polar Air Masses 

Maritime polar air masses which invade the 
United States aiTive from two different source 
regions. One of these source regions is located 
in the North Pacific Ocean; the other in the 
’''"‘■'•^w#5stern portion of the North Atlantic 
asses originating over the 
“ weather conditions 
United States and 
nasses originating 
n frequently ap- 


pear during the winter over the northeastern 
coast of the United States. 

ft. Winter'. 

(1) Pacific coast. Many of the maritime 
polar air masses which invade the Pa- 
cific coast originate in the interior of 
Siberia (par. 6-6t)(l)). They have a 
long overwater trajectory and, during 
their trajectory over the Pacific Ocean, 
are unstable in the lower layers (fig. 
6-3). As they invade the west coast, 
they are cooled from below by a cool 
ocean current and coastal area and 
become more stable. Along the Pacific 
coastal regions, stratus and strato- 
cumulus clouds are common in these 
air masses. Maritime polar air masses 
cause heavy cumuliform cloud forma- 
tion and extensive shower activity as 
they move eastward up the slopes of 
the mountains. East of the mountains, 
the air descends and' is warmed adia- 
batically. This adiabatic waimiing re- 
sults in decreased relative humidity, 
and the skies are generally clear (fig. 
6-4), 

(2) Northeast section of United States. In 
the northeastern section of the United 
States, maritime polar air moves into 
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the New England States from the northeast. 
These air masses are usually colder and more 
stable than those entering the west coast from 
a northwest direction. Low stratiform clouds 
with light continuous precipitation and general- 
ly strong winds occur as these air masses 
move inland. 

b. Summer. Since water temperatures are 
cooler than adjacent land temperatures in the 
summer, maritime polar air masses entering 
the Pacific coast become unstable because of 
the surface heating. In the afternoon, cumuli- 
form cloud formations and widely scattered 
showers occur. At night, fog and low strati- 
form clouds are common on the coastal regions, 
especially along the coast of California. When 
the air masses cross the mountains, they lose a 
considerable amount of moisture on the west- 


ern mountain slopes. The orographic lifting in- 
tensifies the development of cumuliform clouds 
on the windward slopes. These cloud buildups 
are accompanied by heavy showers with low 
ceilings and visibilities, 

6-9. ConHnental Polar Air Masses 

a. Winter. Continental polar air masses that 
invade the United States during winter origi- 
nate over Canada and Alaska. They are stable 
in the source regions. As the air masses move 
southward into the United States, they are 
heated by the underlying surface. During day- 
light hours, th'e air is generally unstable near 
the surface and the sky is usually clear. At 
night, the air tends to become more stable. 
When these cold dry air masses move over the 
warmer waters of the Great Lakes, they ac- 
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•j^Figwre 6~2, (Superseded) Air mass source regions and trajectories (January). 


quire heat and moisture and become unstable 
in the lower levels (fig, 6-6); cumuliform 
clouds form and produce snow flurries over the 
Great Lakes and on the leeward side of the 
Lakes. As the air masses move southeastward, 
the cumuliform clouds intensify along the Ap- 
palachian Mountains. Continental polar air 
masses between the Great Lakes and the peaks 
of the Appalachians contain some of the most 
unfavorable flying conditions (icing, turbul- 
ence, and below-minimum ceilings and visibili- 
ties) in the United States during the winter 
months. Clear skies or scattered clouds are 
normal east of the mountains. 

b. Summer. Cold dry air masses have differ- 
ent characteristics and properties in the sum- 
mer than in the winter. Since the thawed-out 


source regions are warmer and contain more 
moisture, the air is less stable in the surface 
layers. The air is therefore cool and contains 
slightly more moisture when it reaches the 
United States. Scattered cumuliform clouds 
form during the day in this unstable air, but 
dissipate at night when the air becomes more 
stable. When these air masses move over the 
colder water of the Gi’eat Lakes in the sum- 
mer, they are cooled from below and become 
stable, resulting in good flying conditions. 

6-10. Maritime Tropical Air Masses 

Maritime tropical air masses originate over the 
Atlantic Ocean, the Gulf of Mexico, and the Ca- 
ribbean Sea. They move into the United States 
from the Gulf of Mexico or Atlantic Ocean and 
are common along the Southeastern 
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Figure 6~S. Winter movement of maritime polar air southeastward, 



Figure 6-4. Mantime polar air after m'ossing the Bookies, 
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Figure 6-5. 


Continental polar air moving over the Chreat Lakes and Appalaohiane in tointor. 



and Gulf Coast States. Warm, moist stable ai 
which originates over the Pacfic Ocean is rarel; 
observed in Southwestern United States; th 
prevailing winds in the Southwest blow oflE 
shore, 

«. Whiter. Because in winter the land ii 
colder than the water, warm moist air massei 
are cooled from below and become stable a; 
they move inland over the South Atlantic anc 
Gulf States. Fog and stratiform clouds forn 
at night over the coastal regions (fig, 6-6) , Th< 
fog and clouds tend to dissipate or become 
stiatocumulus during the afternoon. The ex- 
tent to which the cloudiness and fog spread in* 
land IS dependent on the difference between the 
surface temperature and the air temperature. 
When surface temperatures are cold, fog and 
clouds extend inland for consider- 
able distances (throughout Eastern United 

1 es). When land temperatures are extremely 
cold, extensive surface temperature inversions 
evo op. nder such conditions, daytime heat- 
mg usually does not eliminate the inversions, 
fm. stratiform clouds may persist 

foi several days. In winter when the air moves 
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over the Appalachian Mountains, the adiabatic 
cooling produced by orographic lifting (fig. 
6-6) causes heavy cumuliform clouds to form 
on the windward side. Extremely low ceilings, 
poor visibility, moderate turbulence, and mod- 
erate icing typify winter flying conditions in 
the area. 

6. Summer. Warm moist air covers the 
eastern half of the United States during most 
of the summer. Since the land is normally 
warmer than the water, particularly during the 
day, this air mass is heated from below by the 
surface and becomes unstable as ii move6 in- 
land. Along the coastal regions, stratiform 
clouds are common during the early morning 
hours. These stratiform clouds usually change 
during the late morning to scattered cumuH- 
form clouds. By late afternoon extensive widely 
scattered thunderstorms normally develop. In 
maritime tropical air masses, cumuliform 
clouds and thunderstorms are usually most 
numerous and intense on the windward side of 
mountain ranges, in squall lines, and in pre- 
frontal activity. 
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Figure 6—6, MaHtime tropical air moving over the Appalachian Mowitains in winter. 


6—1 1. Continentol Tropical Air Masses 

Continental tropical air masses are observed 
primarily in the Mexico-Texas-Arizona-New 
Mexico area (their source region), and only 
in the summer. These air masses are character- 
ized by high temperatures, low humidities, and 
extremely rare scattered cumuliform clouds. 


The bases of these cumuliform clouds are ex- 
ceptionally high for this cloud type. Flying is 
often rough, especially during the daylight 
hours, because of the great vertical extent of 
the turbulence. Occasional dust storms present 
another significant flying hazard; the dust or 
sand may extend above 10,000 feet and reduce 
visibility for many hours. 
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CHAPTER 7 

FRONTAL WEATHER 


7-1. General 

a. General, Fronts are transition zones 
(boundaries) between air masses that have 
different densities. The density of air is pri- 
marily controlled by the temperature of the 
air; therefore, fronts in Temperate Zones usual- 
ly form' between tropical and polar air masses. 
Fronts may also form outside of the Temperate 
Zone between tropical and equatorial air masses 
and between arctic and polar air masses, A 
typical surface weather map shows air mass 
boundary zones at ground level. Designs on 
the boundary lines indicate the type of front 
and its direction of movement. Figure 7-1 de- 
picts polar air (P) over northern United States 
and topical air (T) over southeim United 


States. Between these air masses, the symbol- 
ized black lines indicate the presence of fronts. 
In local weather stations, fronts may also be 
indicated by colored lines (par. 12-6(t). 

6. Types, The four major fronts are the 
cold front, warm, front, stationary front, and 
occluded front. The name of a front is deter- 
mined from the movement of the air masse.s 
involved. 

(1) A cold front (line with triangles, fig. 
7-1) is the leading edge of an advanc- 
ing mass of cold air. 

(2) A warn front (line with semicircles, 
fig. 1-1) is the trailing edge of a re- 
treating mass of cold air. 

(3) When an air mass boundary is neither 
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advancing nor retreating along the 
surface, the front is called a stationary 
front (line with alternate triangles 
and semicircles on opposite sides, fig. 
7-1). 

(4) An occluded front (line with alternate 
triangles and semicircles on the same 
side, fig. 7-1) occurs when a cold front 
ovei’takes a warm front at the surface 
and a temperature contrast exists be- 
tween the advancing and retreating 
cold air masses. 

c. Air Mass Boundaries. Special terms are 
used to differentiate between the horizontal ex- 
tent of a front along the surface and the ver- 
tical extent of the front into the atmosphere. 

(1) The air mass boundaries indicated on 
the surface weather map (fig. 7-1) are 
called surface fronts. A surface front 
is the position of a front at the earth's 
surface. The weather map, then, shows 
only the location of fronts on the 
ground. However, these fronts also 
have vertical extent; the colder, heav- 
ier air mass tends to flow under the 
warmer air mass. The underrunning 
mass produces the lifting action of 
warm air over cold air, causing clouds 
and associated frontal weather. 

(2) The vertical boundary between the 
warm and cold air masses is n,- frontal 
surface and slopes upward over the 
colder air mass. The frontal surface 
lifts the warmer air mass and pro- 
duces frontal cloud systems. The slope 
of the frontal surface varies with the 
speed of the moving cold air mass and 
the roughness of the underlying ter- 
rain. The typical slope ratio is be- 
tween 1 to 60 and 1 to 300; i.e., 100 
miles behind the surface cold front, 
the frontal surface may be located 
anywhere between 2 miles (1 to 60 
ratio) and 1,760 feet (1 to 300 ratio) 
above the earth. The average slope is 
1 to 80, Under normal conditions, the 
angle of inclination (slope ratio) be- 

ween the frontal surface and the 
earth's surface is greater with cold 
ronts than with warm fronts (fig, 
7-2). The approximate height of the 


frontal surface over any station is 
determined from the analysis of upper 
air observations; e.g., winds, aloft, 
radiosonde, and pilot reports. 

d. Pressure VaHation. As fronts move over 
a location on the surface, a typical change in 
pre.ssure occurs. The fronts lie in a trough of 
low pressure in such a way that, at a given 
place on the surface, the pressure decreases as 
a front approaches and increases after it passes, 

(1) Because fronts are located along the 
line of lowest barometric pressure 
(trough), the wind on the cold air side 
of a front may vary in direction ns 
much as 180" from the wind on the 
warm air side. 

(2) When an aircraft flies toward a region 
of lower pressure, it encounters a cross- 
wind from the left (par. 4-10c(8)). 
Therefore, when an aircraft approaches 
a front, it will be drifting to the right 
or crabbing to the left to remain on 
course. Once the aircraft passes 
through the frontal surface, it has 
passed beyond the region of lowest 
pressure. (The trough extends from 
its surface position upward along the 
frontal surface.) Since the wind will 
then be from the right of the aircraft, 
a drift correction to the right will be 
required to remain on course. 

(3) This drift correction principle applies 
when crossing through any well-de- 
fined frontal surface at any altitude. 
The amount of drift correction re- 
quired will vary with the intensity of 
low pressure trough, but is normally 
least with warm fronts and with oc- 
clusions in the later stages of develop- 
ment. 

e. Factors Affecting Frontal Weather, 
Weather associated with fronts and frontal lift- 
ing is called frontal weather. The type and in- 
tensity of frontal weather is determined largely 
by the speed and slope of the frontal surface, 
the moisture content of the displaced air mass, 
and the stability of the displaced air mass, 
Since these three factors vary, frontal weather 
may range from a minor wind shift with no 
clouds or other visible weather activity to 
severe thunderstorms accompanied by low 
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clouds, poor visibility, hail, severe turbulence, 
and icing conditions. In addition, weather as- 
sociated with one section of a front is frequent- 
ly different from weather in other sections of 
the same front. 

(1) Speed and slope. As the front moves 
over the ground, the amount of fric- 
tion and the speed of the front regu- 
late the slope of the frontal surface, 
which in turn affects the amount of 
turbulence in the frontal cloud sys- 
tem. For example — 

(o) When a cold front moves rapidly, 
its leading edge steepens. This lifts 
the warm air ahead of the front 
abruptly, and adiabatic cooling con- 
denses the moisture from the warm 
air. As the water vapor condenses 
in the form of clouds, large amounts 
of energy are released in a relative- 
ly narrow band along the leading 
edge of the front. This concentra- 
tion of energy causes the turbulence 
and violent weather associated with 
the rapidly moving cold front. 

(5) When a cold front moves slowly, 
terrain has less effect on the slope 
of the frontal surface and the slope 
is more gradual ; the energy released 
by condensation is spread over a 
wide area. Turbulence is lessened 
and the weather is less violent. 

(2) Water vapor content. The moisture 
content of the air mass being lifted 
by the frontal surface and the height 
to which the moist air is lifted deter- 
mines whether clouds will form in the 
warm air. Clouds along all fronts are 
initially produced by expansional cool- 
ing as the warm air is lifted above the 
frontal surface. Clouds will form only 
when the air cools enough to lower 
the temperature to the dew point. In 
locations where the warm air has a 
continental source region, the lifting 
action may be insufficient to produce 
clouds (“dry” fronts). 

(3) Stability, The stability of the dis- 
placed air also affects the degree of 
turbulence along a front. Unstable 
air will produce predominantly cumuli- 


form clouds ; stable air, stratiforn 
clouds. 

Note. Atmospheric stability is a functior 
of the temperature lap.so rate (pur. 6-6). 

7~2. Air Mass Discontinuities 

A front is a boundary in the atmosphert 
along which certain physical pro])erties be- 
tween the air masses are discontinuous. These 
discontinuities between air masses are used ic 
identify a front and to determine it.s location 
both in the atmosphere and at the surface. 

a. Temperature. Temperature is one of the 
most obvious of frontal surface discontinuities. 
Typical fronts consist of warm air above the 
frontal surface and cold air below it. A radio- 
sonde observation through a frontal surface 
will often indicate the relatively narrow layer 
where the normal decrease of temperature with 
height is reversed. This temporature inversion 
is called a frojital inversio7i (fig. 7“3)> und its 
position indicates the height of the frontal sur- 
face over the particular station. The iemp(ira- 
ture increase within the inversion layer and 
the thickness of the layer can be used as a rough 
indication of the intensity of a front. Active 
fronts tend to have shallow inversion layers; 
weak fronts tend to have deep inver.sion layor.s. 

b. Wind. The discontinuity of wind across a 
frontal boundary is primarily a change oC wind 
direction, A wind shift refers to a cliango in 
the direction from which the wind is blowin)^. 
If the wind ahead of a front is souUiwcsterly, 
it normally shifts to northwesterly after the 
front passe.s. Easterly winds usually become 
westerly. The speed of the wind is not always 
discontinuous across a front; however, wind 
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Figure 7-S, Temperature soundings through 
frontal surfaces. 
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speed frequently increases aTaruptly after the 
passage of a cold front, and decreases slightly 
after the passage of a warm front. 

c. Pressure Tendeyicy. Observing stations 
report pressure tendency (the rate at which 
surface pressure rises or falls) by trend (rising 
or falling) and by the amoimt of change during 
the 3 hours preceding the time of the report. 
Pressure tends to change regularly, in trend, 
with time; but when a frontal passage occurs, 
the change of pressure trend is abrupt and dis- 
continuous. A falling pressure tendency gradu- 
ally intensifies in amount with the approach of 
a front, then rises abruptly or becomes steady 
after frontal passage. Thus, a moving front is 
characterized by a discontinuous pressure ten- 
dency. Although a stationary front also lies in 
a trough- of low pressure -(pressure inci’eaaes 
with distance perpendicular to 'the surface 
front), the pressure tendency is continuous 
across the front; i.e., stations on both sides of 
the front report similar pressure tendencies 
over a 3-hour period. 

rf. Deto Point, The dew point (par. 2-12&) 
can be used to determine the time of frontal 
passage at the surface or to locate the position 
of the frontal surface in the atmosphere. It 
may be a more reliable indicator than the free 
air temperature because the dew point is not 
directly affected by the daytime heating or 
nighttime cooling of the air. The dew point is 
relatively constant throughout the horizontal 
extent of an air mass, and therefore can be 
used to identify the arrival of a different air 
mass over a station, 

7—3, Cold Fronts 

a. Generation of a Gold Front, Frontal 
troughs normally extend from a closed area 
(center) of low pressure called a cyclone (fig. 
7-1) . The tei’m cyclone should not be confused 
with the tewn tornado, A tornado is a funnel- 
shaped cloud, whereas the cyclone is an area 
of counterclockwise winds (clockwise in the 
Southern Hemisphere) that often covers thou- 
sands of square miles. In the Northern Hemi- 
sphere, as the cyclones move from west to east 
across the Temperate Zone, the counterclock- 
wise rotation of wind about the low-pressure 
center causes the polar air to advance south- 
ward on the back (west) side of the cyclone. 


The cold front is the leading edge of this ad- 
vancing mass of relatively cold air. Not all 
cyclones contain fronts ; however, where a cold 
front does exist, it extends westward from the 
center of lowest pressure. 

h . Charactenstics of a Cold Front. The char- 
acteristics of a typical cold front (fig. 7-4) 
include — • 

(1) Wind shift. The wind in the warm 
sector ahead of the front is generally 
from the southwest quadrant of the 
compass rose, while the winds in the 
cold air mass behind the front are typi- 
cally from the northwest quadrant of 
the compass rose. 

(2) Temperature distnbution. There is 
warm air ahead of the front in the 
southwesterly winds, and cold air be- 
hind the front in the northwesterly 
winds. 

(8) Cloud for7natio7is. When the warm 
air ahead of the front is moist and 
unstable, the clouds are predominantly 
cumuliform. With typical cold* fronts, 
a line of thunderstorms develops along 
the surface front and may extend for 
hundreds of miles. The typical weath- 
er band varies in width from 50 to 100 
miles. The degree of instability, the 
moisture content of the warm air, and 
the speed and slope of the frontal sur- 
face determine the intensity and type 
of frontal clouds. The typical cold 
front in the United States has cumuli- 
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form clouds arranged as shown in -fig- 
ure V-5- However, if the warm air 
ahead of the front is moist and stable 
and the slope of the frontal surface 
is shallow, a deck of stratiform clouds 
may persist many hours after fiontal 
passage. When cold fronts move rav- 
idly into moist unstable air, prefrontal 
squall lines (par. 10-3c) may form up 
to 300 miles ahead of the surface front. 
(4) Direction of movement and speed. 
Cold fronts generally move from 
northwest to southeast at an average 
speed of 22 knots (fig. 7-4). This 

movement produces an average H'ontel 

surface slope ratio of 1 to 80 (fig. 7-6) . 
De^o point change. The cold air be- 
hind a cold front may be a continental 
air mass with a low dew point whereas 
the warm air ahead of a cold front 
may be maritime with a high dew 
point. Even in exceptional tempera- 
ture situations, a distinct dew point 
change should still occur across a front. 
Cold Front Identification on the Weather 


(5) 


Map. Cold fronts are identified by a solid blue 
line on colored weather maps or by a series o 
black triangles along a black line on the facsim- 
ile weather map. The cold front moves m ^ le 
direction toward which the triangles aie pom - 

ing (figs. 7-1 and 7-4). 

d. Flight Procedures in Cold Fwnt Weather. 
The chief hazards to aircraft flying in the -vi- 
cinity of a cold front are caused by the solid 
line of cumuliform clouds along the front or a 
prefrontal squall line (par. 10-3c) several mi es 
ahead of the front. These hazards include tur- 
bulence (which may be extreme), thundei- 
storms, lightning, heavy rain showers, torna- 
does, hail, and clear (glaze) icing. An additional 
hazard, which has been a contributing factor in 
more Army aircraft accidents than any of the 
others, is the presence of strong, variable, gusty 
surface winds around and under the thunder- 
storms. The technique for flying in the vicinity 
of cold fronts is determined from^ the type of 
aircraft, aviator experience, intensity of frontal 
weather, and mission urgency. Flight proce- 
dures for Army aviators include the following : 

(1) Because of the narrow weather band 
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Figure 7-5, Typical cold front oloud fontiaUon, 
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associated with the average cold front, 
aviators can frequently land and wait 
for the squall line to pass. 

(2) If penetration of the front is neces- 
sary, it should be made at a 90° angle 
to the front. This will provide passage 
through the weather band in the short- 
est possible time. 

(3) En route weather facilities (radar ap- 
proach control (RAPCON), airways 
route traffic control centers (ARTCC) , 
or METRO (par. 16-7)) should be 
contacted to obtain latest information 
on the areas of least intensity in the 
squall line. The front should be pene- 
trated at one of these “soft" points. 

(4) Procedures for flight in turbulent air 
should be followed as established in 
the operator's manual (-10) for the 
particular aircraft. This usually states 
a reduced airspeed, a penetration alti- 
tude below 6,000 feet, and attitude in- 
strument flying. 

(5) Since no two fronts are exactly alike, 
each flight should be planned before 
takeoff to obtain maximum benefit 
from the weather briefing, including 
knowledge of the weather conditions 
of the particular front affecting the 
flight. 

7-4. Warm Fronts 

a. Generation of a Warm Front. Surface 
cool (polar) air retreats northward on the for- 
ward (east) side of cyclones in the Northern 
Hemisphere (fig. 7-1). The air mass boundary 
formed between the trailing edge of the retreat- 
ing mass of cool air and the warm air mass 
moving in to replace it is a warm front. Warm 
fronts lie in troughs of low pressure and nor- 
mally extend eastward from a .center of low 
barometric pressure (fig. 7-6). 

h. Charaeteristics of a Warm Front. The 
characteristics of a typical warm front in- 
clude — 

(1) Wind shift. The wind in the cool 
polar air ahead of the typical warm 
front is from the southeast quadrant 
of the compass rose, while the wind in 
the warm sector behind the front is 
from the southwest quadrant. 



Note. The warm sector is the area of 
warm southerly winds between the cold front 
and the warm front at the surface. There- 
fore, the same wind pattern usually exists 
“ahead" of the cold front that exists “behind" 
the warm front; i.e., it is the same tropical 
air mass. “Behind" refers to conditions that 
will exist after the surface front has passed 
a location on the earth, “Ahead" refers to 
conditions that exist before a surface front 
arrives at a place on the earth. Northwest 
winds, decreasing temperatures and dew 
points, and rising pressure exist “behind" a 
typical cold front (fig, 7-4). Southwe.st 
winds, high temperatures and dew points, 
and rising or steady pressure exist “behind” 
a typical warm front (fig, 7-6). 

(2) Temperature change. As a surface 
warm front passes a location, the tem- 
perature increases, but the amount of 
increase varies from a few degrees to 
more than 20° F, 

(8) Cloud formation. As the warm south- 
westerly winds behind the front con- 
verge with the cool southeasterly winds 
ahead of the front, the lighter ad- 
vancing warm air will glide up over 
the retreating wedge of cold air (fig. 
7-2) . If the warm air is lifted above 
the condensation level, clouds will form 
in the warm air above the frontal sur- 
face. When the warm air is moist and 
stable, the clouds will be stratiform, 
ranging from thick nimbostratus near 
the surface front to high cirrus as far 
as 1,000 miles ahead of the front. The 
typical cloud pattern is shown in fig- 
ure 7-7. Normally an area of rain ex- 
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tends 300 miles ahead of the front. 
As the rain evaporates in the thin 
wedge of cold air, this air becomes 
saturated and produces an area of low 
stratus or fog about 100 miles wide 
ahead of the surface front. The pre- 
frontal fog may cover hundreds of 
square miles, with ceilings and visibili- 
ties below minimums. During the 
winter months, two distinct freezing 
levels exist in the typical warm front 
cloud and precipitation areas (fig. 
7-8). During the summer when the 
warm moist air is conditionally un- 
stable, the stratiform overcast above 
the frontal surface may become im- 
pregnated with scattered thunder- 
storms, with higher bases than cold 
front thunderstorms and not alined 
solidly as with a squall line. When 
cumuliform clouds occur in a warm 
front cloud pattern, possible heavy' 
turbulence may be imbedded within 
the major cloud system. However, the 
typical roarm front is characterized 
by a wide area of stratiform clouds 
with low ceilings and poor visibilities 
(fig. 7-7). 

(4) Direction of movement. Warm fronts 


usually move from southwest to north- 
east at an average speed of 10 laiots. 
This direction of motion is a combina- 
tion of — 

(a) The surface wind movement in the 
cool air mass, usually from south- 
east to northwest, and 

(b) The movement of the entire ]}rossure 
system from west to east. 

(6) Speed and slope. The slow si)oed of 
a warm front is a result of o])})osing 
wind components — the surface winds 
in the cool polar air have an easterly 
(east to west) component, wliile iho 
entire pressure system is moving from 
west to east. The cold front, by con- 
trast, moves much more rapidly Limn 
the warm front because both the sur- 
face winds in the cold polar air and Che 
movement of the entire cyclone have a 
west to east component. The av(M*age 
slope ratio of the wai'm frontal surface 
is 1 to 200 (fig. 7-7). 

G. Warm Front Identification on the Wvalhcr 
Map. Warm fronts are identified by .solid real 
lines on colored weather maps and by u series 
of black semicircles along a black line on the 
facsimile weather map. The warm front moves 
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Figure 7~8. Prohable icing zones m a warm front. 
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in the direction toward which the semicircles 
are pointing (figs. 7-1 and 7-6) . 

d. Flight Procedures in Warm F7'ont Weather. 
The chief hazard to flight in most warm frontal 
ai’eas is the wide overcast area with low ceilings 
and poor visibility ahead of the front. The first 
sign of an approaching warm front is the thick- 
ening of cirrostratus clouds in the west. When 
flying toward the front from the cold air side, 
the aviator will observe the base of the cirro- 
stratus lowering to form a thicker altostratus 
overcast. Approximately 300 miles ahead of 
the surface front, rain falling from the thick 
altostratus clouds and evaporating in the wedge 
of cold air below the frontal surface saturates 
the cold air. An area of lower clouds (usually 
strato cumulus) begins to form in the saturated 
cold air mass. As the rain becomes heavier, the 
stratocumulus cloud deck becomes more solid. 


Gradually the upper and lower cloud decks 
merge and form a solid cloud layer which may 
be over 15,000 feet thick. Rain and fog may 
reduce ceiling and surface visibility to zero for 
200 miles or more ahead of the front. As the 
warm front approaches a surface station, the 
cloud bases continue to lower, with increasing 
restriction to visibility. Thunderstorms during 
the warm months of the year or heavy icing 
during the winter are further hazards. The 
Army aviator should use the following proce- 
dures to combat warm frontal hazards ; 

(1) Warm frontal areas .should be crossed 
either above the cloud tops or below 
the bases to avoid inadvertent entry 
into the turbulence of hidden thunder- 
storms which may exist at intermedi- 
ate flight levels. 

(2) If the flight destination is in an area 
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dominated by warm front weather, an 
alternate should be selected, either be- 
hind the front or as far as practicable 
ahead of the surface front, to avoid 
the area of low ceilings and visibility, 

(3) A thorough weather brieflng should be 
obtained before the flight to estimate 
the locations of turbulence, thunder- 
storms and icing conditions. METRO, 
RAPCON, or ARTCC's should be con- 
tacted (par. 7-3d{3)) to obtain in- 
flight data. Severe hazard areas should 
be avoided ((5) below), 

(4) Encountering an area of freezing rain 
that produces severe glaze icing, the 
aviator should immediately climb 
above the frontal inversion. 

(5) Areas of icing in clouds should be 
avoided, either by climbing to a higher 
altitude containing ice crystals and 
snow, or by descending into warmer 
air nearer the surface. Since, how- 
ever, it is possible for two freezing 
levels to occur with the winter warm 
front (flg. 7--8), freezing-level alti- 
tudes and flight altitude temperatures 
should be obtained during the weather 
briefing, 

^—5. Occluded Fronts 

«. Development of Qcchisions. Successive 
tages in the development of an occluded wave 
re shown in (A). (B). {C),and (D) of figure 
• Figure 7— 9(B) depicts an open wave — a 
y^clone which includes a warm and a cold front. 

. cold front moves eastward more rapidly than 
warm front. The cold front first overtakes 
le warm front at the crest of the open wave 
ad the wave gradually closes like the hands of 
clock. As this closing of the warm and cold 


the coldest air mass is behind a cold front, but 
in coastal regions the air temperature ahead 
of a warm front may be colder than that behind 
a cold front. If the cyclone illustrated in (C) 
of figure 7-9 were located on the west coast of 
the United States during the winter, the air 
temperature behind the cold front would he 
moderated by its trajectory over the Pacific 
Ocean. The air mass boundai'y would still be a 
cold front, however, because polar air moving 
southward would be displacing warmer tropical 
air. Ahead of a warm front, the continental 
polar air moving over the northern Rocky Moun- 
tains would be very cold during the winter, 
actually colder than the air behind the cold 
front. However, the trailing edge of this re- 
treating mass of very cold air would be a warm 
front, since the warm tropical air moving in 
is replacing the retreating polar air mass. 

(1) Gold front occkmons, If the air be- 
hind the cold front is colder than the 
air ahead of the warm front in the 
occlusion process (fig. 7-11), the cold 
front of the open wave will remain on 
the surface and displace both the warm 
sector air and the surface warm front. 
As the process continues, the surface 
warm front of the open wave bec.omes 
an upper front (no longor^in <;onta<*t 
with the surface). The u])})er warm 
front is so close to the surface oc, eluded 
front that the symbol for the up)>or 
warm front is normally omitted from 
the surface weather map (hgs. 7-J and 
7-12). The cold fro7ii oecluaion is 
named from the cold front which re- 
mained at the surface. After a cold 
fiont occiusioji passes a station, tem- 
perature will dGcrease and llu 5 wind 
will become more northerly (hg. 7-i2) . 

(2) Warni front ocehmonn. If the air 
ahead of the warm fi’ojil is colder than 
the air behind the cold front, the warm 
front of the open wave will remain on 
the surface and the occluding cold 
front will ride up over the warm 
frontal surface, becoming an upper 
cold front {cold front aloft) (fig. 
-13), The warm sector air will be 
msplaccd from the ground by both 
frontal surfaces. The upper cold front 
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Figure 7~9. Stages in the develojiment of the occluded wave. 


is identified on the weather map by a 
series of open black triangles (fig. 
7-14) or by a dashed blue line on a 
colored map. It frequently precedes 
the surface occluded front by 200 to 
300 miles, The warm front occlusion 
is named from the warm front of the 
open wave which remained at the sur- 
face. After the warm front occlusion 
passes a station^ the temperature will 
increase slightly and the wind will 
gradually become more noi*therly. 
c. Weather Associated With Occlusions, 
Typical weather and cloud patterns associated 
with occlusions are shown in figures 7-14 and 
7-16. Occlusions combine the weather of the 
warm and cold fronts into one extensive sys- 
tem. The line of thunderstorms typical of a 
cold front merges with the low ceilings and poor 


visibility of the warm front. However, the two 
significant differences between the weather of 
the two types of occlusions are — 

(1) The cloud system of the warm front 
occlusion is characteristically wider 
than that of the cold front occlusion 
because the warm frontal surface ex- 
tends under the upper cold front. This 
additional lifting surface between the 
upper cold front and the surface oc- 
cluded front produces a region of nim- 
bostratus or stratocumulus clouds not 
present with the cold front occlusion. 

(2) Weather is most violent during the 
early stages of the occlusion along the 
upper front 50 to 100 miles north of 
the peak of the warm sector, The line 
of thunderstorms of the warm front 
occlusion is often imbedded within 
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Figure 7—12. Cold front occlusion (surface 
map representation). 


the overcast sky and may precede the 
surface occluded front by 200 to 300 
miles. Thunderstorms of the cold front 
occlusion pass with the surface oc- 
cluded front and may be visible from 
the air if approached from the west. 
Clearing skies often occur shortly after 
the passage of the surface cold front 
occlusion. 

(3) Occluded frontal systems are more 
common in northern than in southern 
United States. Their greatest effect 
is felt during the winter months in 
both the northwest and northeast sec- 
tions of the country. 

d. Occluded Front Identification of the 
Weather Map. Map symbols are identical for 
the surface occluded fronts in both the warm 


and cold front occlusions. On the facsimile map, 
the symbol is an alternate triangle and semi- 
circle on the same side of the black line. The 
symbols point in the direction of frontal move- 
ment. On the colored map, the surface occluded 
front is shown as a solid purple line ; however, 
the weather map shows an upper cold front 
with the warm front type of occlusion (fig. 
7-14) . An upper warm front (dashed red line 
or open black semicircles) is seldom indicated 
on the map with a cold front occlusion. 

e. Flight Procedures With Occluded Fronts. 
The weather within an occluded system com- 
bines flight problems of both the warm and the 
cold front. Special considerations include the 
following : 

(1) The flight should be planned to avoid 
the area of severe weather extending 
50 to 100 miles along the upper front 
north of the peak of the warm sector, 

(2) Intermediate flight levels where hid- 
den thunderstorms generally occur 
should be avoided. In Army aircraft, 
a low-level flight below 6,000 feet ab- 
solute altitude is generally recom- 
mended. While flying at low levels, the 
occurrence of heavy showers will in- 
dicate that stronger turbulence is pres- 
ent in the clouds above. Low-level 
flight under the clouds should be 
avoided where mountainous teiTain is 
obscured by clouds, fog, or precipita- 
tion. 

7-6. Stationary Fronts (Quasi-stationary 
Fronts) 

Although there is no movement of the surface 
position of the true stationary front, an upglide 
of air can occur along the frontal slope. The 
angle of this flow of air in relation to the sur- 
face position of the front and the strength of the 
upgliding wind control the inclination of the 
frontal slope (fig, 7-16). Fronts moving less 
than 6 knots are called either quasi-stationary 
or stationary. 

a. Warm Air. The warm air rising over the 
stationary frontal surface will cool adiabati- 
cally. If the air is lifted above the condensa- 
tion level, clouds will form above the frontal 
surface. 

(1) If the upgliding air is stable and sat- 
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uratian occurs, stratiform clouds will 
form. Intermittent drizzle may occur 
and, if the air is lifted beyond the 
freezing level, icing conditions will 
exist. If the freezing level is fairly 
close to the ground, a mixture of driz- 
zle, rain, and snow may appear over 
the area (iig. 7-17) . 

(2) If the upgliding air is conditionally 
unstable and saturation occurs, pre- 
dominantly cumuliform clouds will 
form (fig. 7-18) . The sky condition is 
often overcast, but the precipitation 
occurs as intermittent moderate to 
heavy showers with thunderstorm ac- 
tivity. Occasionally the thunderstorms 
may aline side by side to produce a 
line squall, but the typical cloud pat- 
tern is more similar to that of an un- 
stable warm front. 
b. Cold Air. 

(1) Because of convergence of air across 
the isobars, the cold air below the 
frontal slope may also be rising near 
the surface position of the front. 
Cloudiness is less likely to form in the 
cold air since the humidity is usually 
low on this side of the front. 


(2) Precipitation falling from the clouds 
that have formed above the frontal 
slope will partially evaporate while 
falling through the colder air below 
the frontal surface. The evaporation 
will cause the humidity to increase in 
the colder air. If saturation occurs 
at the surface, widespread frontal fog 
conditions will result. With strong 
winds, lai’ge frictional eddy currents 
near ground level will result in the 
formation of low-based clouds (figs, 
7-17 and 7-18). 

7-7. Cyclonic Wave Development 

a. Fronts are air mass boundaries emanating 
from centers of low barometric pressure. To 
the meteorologist, any closed area of low baro- 
metric pressure is a cyclone. Not all cyclones 
have well-defined frontal waves. Those cyclones 
that do not contain fronts are relative lows, 
having their origin in the secondary circulation 
pattern; they are not caused by heating from 
the surface below them, 

b. In the idealized general circulation pattern 
(par. 4-4), a large cap of cold, dense air ac- 
cumulates around the polar regions. This cold 
air is characterized by high pressure, The outer 
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Figure 7—lJi.. Warm front occlusion. 
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Figure 7-15. Cold front occlusion loitli associated lucathcr, 


boundary of this high-pressure area is in the 
vicinity of 60° north latitude. Another general 
circulation belt of high pressure is centered in 
the vicinity of 30° north latitude, with its 
.strongest centers over the Atlantic and Pacific 





f'lgnrc 7 16. Stationary front as shown on a 
Surface weather map. 

'-16 


Oceans. The outer perimeter of those oceanic 
high-pressure areas is also in the 60" north 
latitude region. Thus, the area around 60" 
north latitude is a Ibelt of relatively low pres- 
sure. It is also a frontal region ))etwcon the 
cold polar easterly winds moving clockwise 
about the polar high and the warmer prevailing 
westerly winds coming out of the high-pressure 
areas in the Tropics. 

c. Ideally, this polar front and polar trough 
would remain in the 60° north latitude /.one. In 
fact, outbreaks of cold polar air move south- 
ward across the Temperate Zones (fig. 7-19). 
These polar outbreaks begin the cyclonic waves 
which move from west to east around the 'i’em- 
perate Zone (the secondary circulation). The 
outbreaks of polar air behind the ouisurging 
polar front range in depth from a few thousand 
feet near the surface front to the u])por tro]) 0 - 
sphere hundreds of miles behind the surface 
fiont. Above this relatively shallow surface 
circulation, the west to east winds of the gen- 
eral circulation pattern continue to blow, mov- 
ing the shallow secondary circulation below 
them. 

d. Wind shear between the easterly winds of 
the cool air and the westerly winds of the warm 
air causes waves to form on the sloping surface 
of the polar front and make the front undulate. 
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Figm'C 7-1 8> Stationary front with unstable air. 

For example, if the front lies in an east-west air is moving eaxStward, the bulges will move 
direction, such a wave will cause one part of eastward as a wave. These waves arc usually 
the frontal surface to bulge southward and an- 200 to 1,500 miles from cfe.st to crest (figs. 7-1 
other part northward. If the wind in the warm and 7-20) . i 
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e. Cyclone formation can be understood by 
comparing stationary front activity to ocean 
waves (fig. 7~20). 

(1) A wave in deep water far from shore 
is stable. The surface oscillates back 
and forth many times without great 
variation in the amplitude of the wave. 
As the wave approaches the shore, the 
distance becomes shorter from crest to 
crest and greater from trough to crest. 
The shorter the interval between 
crests, the higher the wave, until it 
becomes topheavy and breaks. The 
wave was made unstable by the great 
increase in amplitude, 

(2) Atmospheric waves become unstable 
in the same manner. Long stationary 
fronts become wavy because of wind 
shear and pressure variation across 
the atmospheric boundary. Thus, the 
stationary front may change into a 
series of alternate cold and warm 
fronts, with wave crests (apexes) 
being the dividing points between cold 


and warm fronts. The interconnecting 
troughs are areas where the front is 
stationary (hg. 7-1). If the pressure 
about the apex becomes auificiently 
low, a circular pressure pattern takes 
shape around the apex, producing a 
counterclockwise wind, A considerable 
amount of condensation occurs, and 
when sufficient latent heat of conden- 
sation is added to the air, the air rises 
and the atmospheric pressure at the 
crest of the wave is further reduced. 
The pressure gradient strengthens and 
the counterclockwise wind becomes 
stronger. The apex and its counter- 
clockwise wind area is called a cyclone. 

(3) The sideways movement of waves on 
a front is seldom stable. Once started, 
they tend to increase in amplitude (fig. 
7-6). Instead of many waves follow- ^ 
ing each other in orderly series, each 
wave continues to grow and the apex 
becomes deeper, so that the front never 
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Figure 7~20. Ilorhontal waves on a front. 


settles back to its original position 
(fig. 7-7). The frontal wave breaks 
down in a manner similar to the break- 
ing of surf ; a large atmospheric whirl- 
pool is created north of the frontal 
area. The fronts then dissipate due to 
equal temperatures and dew points 


across their boundary lines, or become 
stationary again in a new position 
south of their original location. If the 
frontal system docs not dissipate, a 
new wave may form on the stationary 
front and go through a similar life 
cycle (cyclof/encsis) , 
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CHAPTER 8 
FOG 


8-1. General 

Fog is defined as minute droplets of water or 
ice crystals suspended in the atmosphere with 
no visible downward motion. It is similar to 
stratus clouds; however, the base of fog is at 
the earth’s surface, whereas the base of a cloud 
is at least 50 feet above the surface. Fog may 
be distinguished from haze by its dampness and 
gray color. It is a serious hazard during take- 
offs and landings because it restricts surface 
visibility. However, unlike other weather haz- 
ards, fog is of little concern during the en route 
portion of a flight. A knowledge of fog types 
and of fog formation and dissipation processes 
will enable the Army aviator to plan his flights 
more accurately. 

8-2. Fog Formation 

a. Hi(jh Relative Humidity. A high relative 
humidity is of prime importance in the forma- 
tion of fog since neither condensation nor sub- 
limation will occur unless the relative humidity 
is near 100 percent. Thus, the natural condi- 
tions which bring about a high relative humid- 
ity (saturation) are also fog-producing proc- 
esses (i.e., the evaporation of additional moisture 
into the air or cooling of the air to its dew point 
temperature). A high relative humidity can be 
estimated from hourly sequence reports by de- 
termining the spread (difference in degrees) be- 
tween the temperature and dew point. Fog is 
rare when the spread is more than 4° F. ; it is 
most frequent when the spread is less than 2° F. 

h. Light Wind. A light wind is generally 
favorable for fog formation. It causes a gentle 
mixing action (par. 4-32), which spreads sur- 
face cooling through a deeper layer of air and 
increases the thickness of the fog. If calm 
winds exist when other factors are favorable 
for fog formation, only dew, frost (freezing 


surface temperatures) , or a shallow layer of fog 
will form. 

c. Condensation 'Nuclei. Condensation nu- 
clei, such as smoke and salt particles, suspended 
in the air provide a base around which moisture 
condenses. Although most regions of the earth 
have sufficient nuclei to permit fog formation, 
the amount of smoke particles and sulphur com- 
pounds in the vicinity of industrial areas is 
pronounced. In these regions, persistent fog 
may occur with above average temperature-dew 
point spreads. 

8—3. Fog Dissipation 

Fog tends to dissipate when the relative hu- 
midity decreases. During this decrease, the 
water droplets evaporate or ice crystals sub- 
limate and the moisture is no longer visible. 
Either strong winds or heating processes may 
cause the decrease in relative humidity. 

a. Strong winds cause large eddies in an in- 
version layer and mix the warm, dry air from 
aloft with the cool, saturated air at the surface. 
The mixing widens the temperature-dew point 
spread, and the fog evaporates near the surface. 
(Stratus clouds may still exist above the air cur- 
rents.) 

h. Air healed by daytime solar radiation or 
by the adiabatic process as the air flows down- 
slope increases the air temperature, and the fog 
evaporates. Therefore, most fogs dissipate 
shortly after sunrise, and fog is rare on the lee 
sides of hills and mountains. 

8—4. Fog Types and CharacierisHcs 

a. Radiation Fog. Radiation fog (fig. 8-1) 
forms after the earth has reradiated back to 
space the heat gained during daylight hours. 
By early morning the temperature at the sur- 
face may drop more than 20“ F, Since the dew 
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point temperature (moisture content) of the 
fiir normally changes only a few degrees during 
the night, the temperature-dew point spread 
will decrease as the air is cooled by contact with 
the cold surface. If the radiation al cooling is 
great enough, and other conditions are favor- 
able, radiation fog will form. Radiation fog is 
most likely when the — 

(1) Sky is clear (maximum radiational 
cooling) . 

(2) Moisture content is high (narrow tem- 
perature-dew point spread) . 

(3) Wind is light Oess than 7 knots) . 

Note, These conditions are common over land 

areas in high pressure cells. The resulting 
fog often oceui’s in patches of varying den- 
.=ity and size. 
b. A(lvectio7i Fog, 

(1) The cause of advection fog formation 
is the movement of warm, moist air 
over a colder surface. Advection fog 
(fig. 8-2) is common along coastal re- 
gions where the temperature of the 
land surface and the water surface 
contrasts. The southeastern area of 
the United States provides ideal con- 
ditions for advection fog formation 
during the winter months. If air flows 


(advection) from the Gulf of Mexico 
or the Atlantic Oceun over the colder 
continent, this warm air is cooled by 
contact with the cold ground. If the 
temperature of the air is lowered to 
the dew point temperature, fog will 
form. Advection fog forming under 
these conditions may extend over the 
entire eastern two-thirds of the Nation 
from the Rockies to Maine. It may 
persist both day and night until re- 
placed by a drier air mass. 

(2) If advection fog forms over water and 
is carried onshore by the wind, it is 
often referred to as sea fog. Cold 
ocean currents, such as those off the 
coast of California, may cool and 
saturate moist air coming from the 
warmer areas of the open sea. Sea fog 
is often very dense both oITshoro and 
onshore. 

(3) As advection fog moves inland during 
the winter, the colder land surface 
often causes sufficient contact cooling 
to keep the air saturated. The fog may 
then persist during the day or with a 
wind speed of 10 to 16 knots. 
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c. Upslope Fog. Upslope fog forms when 
moist, stable air flows up a sloping land surface. 
When the air rises, it cools by expansion (adia- 
batic cooling) as the atmospheric pressure 
decreases. When the expansional cooling is suf- 
ficient to lower the temperature of the air to the 
dew point temperature, upslope fog may form. 
The windspeed (pressure gradient) must be 
adequate to support continued upslope motion ; 
however, if the wind is too strong, the fog may 
be lifted from the surface, resulting in an over- 
cast of low stratus clouds. Upslope fog is com- 
mon on the eastern slope of the Rockies as air 
flows westward from the Missouri Valley or the 
Gulf of Mexico, 

d. Valley Fog. During the evening hours, 
cold, dense air will drain from areas of higher 
elevation into low areas or valleys, As the cool 
air accumulates in the valleys, the air tempera- 
ture may decrease to the dew point temperature, 
causing a dense formation of valley fog. While 
higher elevations may often remain clear 
throughout the night, the ceiling and visibility 
become restricted in the valley. 

e. Ice Fog. When air near the surface be- 
comes saturated in extremely cold regions, fog 
will form as ice crystals rather than water drop- 
lets, At temperatures well below 0® C., water 
vapor sublimates into ice crystals without pass- 


ing through a liquid state. The resulting ice 
crystals are very small and usually persist in an 
area for many hours as ice fog. Atmospheric 
conditions favoring ice fog formation are com- 
mon during the winter in north central United 
States and Canada. On many occasions, how- 
ever, the air in these cold regions is so free of 
impurities that sublimation nuclei are insuffi- 
cient to permit ice fog formations ; the air may 
then become supersaturated. With supersatu- 
rated conditions, routine runup of an aircraft 
engine can supply enough exhaust impurities 
and moisture to cause sublimation. The result- 
ing ice fog may be serious enough to halt avia- 
tion operations at the airfield for hours. 

/. Evaporation Fog. Fog formed by the ad- 
dition of moisture to the air is called evapora- 
tion fog. Two important types are frontal fog 
and steam fog. 

(1) Frontal fog. Frontal fog is normally 
associated with slow-moving winter 
frontal systems (ch. 7). Frontal fog 
forms when liquid precipitation, fall- 
ing from the maritime tropical air 
above the frontal surface, evaporates 
in the polar air below the frontal sur- 
face. Evaporation from the falling 
drops may add sufficient water vapor 
to the cold air to raise the dew point 
temperature to the temperature of the 
air. The cold air will then be satu- 
rated, and frontal fog will form. Fron- 
tal fog is common with active warm 
fronts during all seasons. It occurs 
ahead of the surface front in an area 
approximately 100 miles wide, and is 
frequently mixed with intermittent 
rain or drizzle. When fog forms ahead 
of the warm front, it is called prefron- 
tal fog. A similar fog formation may 
occur in the polar air along a station- 
ary front, Occasionally a slow-moving 
winter cold front with light wind may 
generate fog. This fog forms in the 
polar air behind the surface front and 
is known as postfrontal fog. 

(2) Steam fog. Steam fog forms when 
cold, stable air flows over a water sur- 
face which is several degrees warmer 
than the air. The intense evapoi’ation 
of moisture into the cold air saturates 
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the air and produces fog. Conditions 
favorable for steam fog are common 
over lakes and rivers in the fall and 
over the ocean in the winter when an 
offshore wind is blowing. 

8—5. Flight Planning 

a. An aviator should consider the possibility 
of fog formation at his destination and at alter- 
nates during flight planning, especially when 
the field is on or near the coast or large bodies 
of water. If a destination is near the water 
with an onshore wind, an alternate should be 
selected inland, preferably behind a hill or ridge. 
A ridge or range of mountains will act as a bar- 
rier and prevent fog from moving inland. 

b. A check of the facilities in the weather 
station can help the aviator anticipate areas and 
times of fog formation. The teletype sequence 
reports (ch. 11) show the tendency of the tem- 
perature-dew point spread ; this tendency may 


be projected to the time when the spread wil' 
become critical. Terminal forecasts indicate th€ 
expected ceiling and visibility at the forecasi 
time of fog foimiation and/or dissipation. Sur- 
face weather maps and sequence reports, usee 
together, indicate frontal precipitation areas 
where fog is likely to form. These two facilitief 
also indicate the direction and velocity of th< 
wind in relation to topography. This relation 
ship is beneficial in predicting areas of advec 
tion or upslope fog formation. 

c. Fog is sometimes difficult to forecast an< 
may be an unexpected landing hazard^ If ai 
aviator, upon reaching a destination, finds tha 
fog has formed and the ceiling and visibility ar- 
below minimums, he should immediately pro 
ceed to the alternate field. 

d. The aviator should consult the forecasie 
about all probable fog areas since slight change 
in temperature, moisture, and wind direction o 
speed can cause fog to form or to dissipate. 
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CHAPTER 9 
ICING 


9—1 . General 

The formation of ice on aircraft wings (fixed 
or rotary) will disrupt the smooth flow of air 
over the wings and cause decreased lift, in- 
creased drag, and increased aircraft stalling 
speed. Under ordinary circumstances, the dan- 
ger of added weight is not too great. If, how- 
ever, too much lift and thrust are lost simulta- 
neously, weight also becomes an important fac- 
tor, especially when the aircraft is critically 
loaded. The formation of ice on some struc- 
tural parts of an aircraft may cause vibration 
and place added stress on those parts. For ex- 
ample, vibration caused by a very small 
amount of ice unevenly distributed on the deli- 
cately balanced propeller can place dangerous 
stress on the propeller and the engine mounts. 

9-2. Factors Necessary for Structural 
Ice Formation 

Factors necessary to produce structural icing 
on aircraft in flight are free air temperature 
at or below freezing and the presence of visi- 
ble liquid moisture in the form of clouds or 
precipitation. Supercooled liquid is unpredicta- 
ble and its presence is a hazard to aviation. 

a. Free Air Temperature, When saturated 
air flows over a stationary object, ice may form 
on the object when the free air temperature is 
as high as 4° C. The surface temperature of 
the object is cooled by evaporation and by pres- 
sure changes in the moving air current. When 
an object is moving through saturated air, the 
surface of the object is heated by friction and 
the impact of waterdrops. On an aircraft in 
flight, these cooling and heating effects tend to 
balance; therefore, structural ice may form 
when the free air temperature is at or below 
0® C. The most severe icing occurs with tem- 


peratures between 0® and —10° C. ; however, 
under some circumstances, dangerous icing 
conditions may be encountered with tempera- 
tures below “10° C. The accuracy of the air- 
craft free air thermometer may also be signifi- 
cant in determining potential icing areas. Even 
when a record is kept of the instrument error 
or the instrument has been calibrated cor- 
rectly, other influences (para 2-7) may cause 
the temperature reading to be at least 6® F. 
warmer or colder than the true free air tem- 
perature. 

h. Visible Liquid Moisture. 

(1) Clouds are the most common form of 
visible liquid moisture ; however, not all clouds 
with temperatures below freezing produce seri- 
ous ice formation. Although serious icing is 
rare in temperatures below -20° C., the avia- 
tor must recognize that icing is possible in any 
cloud where the temperature is below 0® C. 

(2) Freezing rain, which occurs in the 
cold air below a frontal inversion (para 7-2), 
is another form of visible liquid moisture that 
causes icing. Raindrops falling into a layer of 
cold air become supercooled when the air tem- 
perature is freezing or below. When these 
subfreezing liquid waterdrops strike an object 
(such as an aircraft), they turn to ice on the 
object. Freezing rain is probably the most dan- 
gerous icing condition; it can build hazardous 
proportions of ice in a few minutes. This ice is 
extremely difficult to break loose. 

9-3. Types of Aircraft Structural Ice 

Aircraft structural icing may be clear, rime, a 
combination of clear and rime, or frost. The 
type of ice that forms on a moving structure 
normally depends on four factors— (1) the 
free air temperature, (2) the surface tempera- 
ture of the structure, (3) the surface charac- 
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teristics of the structure (configuration, rough- 
ness, etc.), and (4) the size of the waterdrops. 

a. Clear Ice (Glaze). Clear ice, also called 
glazBy is the most serious form of structural 
ice. It is normally caused by the large super- 
cooled waterdrops in cumuliform clouds where 
the temperature is between 0"^ G. and -10'’ 
C. or by areas of freezing rain associated with 
warm frontal systems (fig. 9-1). A typical 
clear ice formation is transparent or translu- 
cent, with a glassy smooth or rippled surface 
(fig. 9-2). Transparent glaze resembles ordi- 
nary ice and is identical to the glaze which 
forms on trees and other objects as freezing 
rain strikes the earth. When mixed with snow, 
sleet, or small hail, the glaze may be rough, ir- 
regular, and whitish, Large supercooled water- 
drops tend to spread out on a surface before 
they freeze. The resulting glaze adheres firmly 
to the surface and is difficult to remove. Glaze 
formation on the leading edges of wings, an- 
tennas, and propellers often takes a blunt-nose 


shape tapering toward the rear. When depos- 
ited as a result of the freezing of supercooled 
raindrops or very large clouddrops, the glaze 
deposit may become especially blunt-nosed 
with heavy protuberances which build outward 
perpendicular to the leading edge of an airfoil, 

h. Rime Ice, Rime ice is normally encoun- 
tered in regions of small supercooled water 
droplets, either in stratiform clouds where the 
temperature ranges from 0° C. to —20° C. or 
in cumuliform clouds with temperatures from 
-10° C. to -20° C. It is a white or milky, 
opaque, granular deposit of ice which accumu- 
lates on the leading edges of wings and other 
structural parts of an aircraft (fig. 9-2). Rime 
ice has a granulated, crystalline or splintery 
structure with a rough surface. The interior is 
composed of very tiny, opaque ice pellets or 
grains, which may be intermixed with a frost 
formation of feathery crystalline structure. 
Some airspaces are present because the small 
water droplets do not spread out before they 
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Figttre 9-1, Typical frsGzing rain aititation. 
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Fiffure 9~2. Formation of clear (glaze) and nmc ico on aircraft wing. 


freeze. Rime ice is less compact than glaze and 
does not adhere tenaciously to exposed objects. 
Rime often accumulates on the leading edges of 
exposed parts and projects forward, sharp- 
nosed, into the airstream. Except for a limited 
region near the center of the leading edge, rime 
generally shows little or no tendency to adhere 
to the contour of an airfoil. When supercooled 
water droplets strike surface projections of the 
aircraft, the ice deposit acquires the form of a 
bulge which may cling rather firmly to the 
projecting part of the aircraft structure. The 
protruding bulges may then grow into rough, 
irregular formations, 
c. Frost. 

(1) Frost is composed of ice crystals and 
is formed by sublimation when water 
vapor contacts a cold surface. On the 
ground, it may form during a clear 
night on subfreezing surfaces. (The 
temperature of the air over the surface 
may be above freezing.) Frost may 


also form in flight during descent into 
warmer moist air or when the aircraft 
passes from a subfreezing air mass 
into a slightly warmer moist air mass 
at the same altitude. 

(2) Aviators tend to underestimate the 
flight hazards of frost formations. 
Frost increases drag and is particular- 
ly hazardous at low airspeeds during 
takeoff and landing. If frost is left on 
the aircraft during takeoff, the small 
ice crystals act as sublimation nuclei 
and may grow to serious proportions 
during the takeoff run and climbout. 
Frost on the windshield may cause re- 
striction to or total loss of visibility. 

9-4. Factors Influencing the Rate of Ice 
Formation 

a. Amount of Liquid Water. Ice formation 
is more rapid in dense than in diffuse clouds. 
The rate of ice formation increases as the 
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amount of supercooled liquid water in the air 
increases, 

b. Drop Size. Water droplets in the air tend 
to move with the deflected airstream — the 
smaller the waterdrops, the greater their tend- 
ency to follow the airstream; the larger the 
drops, the more they resist the deflecting in- 
fluence (fig. 9-3), Therefore, the large drops 
(small deflection) collect on a wing more easily 
than the small drops (large deflection). 

c. Airspeed. The rate of ice formation is in- 
creased by an increase in airspeed. At very 
high speeds, such as those attained by jet air- 
craft, the situation is reversed because skin fric- 
tion provides enough heat to melt structural ice. 
At true airspeeds above 575 knots, structural 
ice is seldom a problem. The critical airspeed 
at which frictional heating will prevent ice for- 
mation varies with the aircraft (type, configu- 
ration, surface characteristics, etc.) and the 
free air temperature. 


d. Smoothness of Airfoil The smoothness of 
the aii’foil surface also affects the rate of icing. 
After the initial accumulation, the airfoil is 
aerodynamically unclean and presents a larger 
surface area to collect the freezing droplets. 

9-5. Icing on Fixed Wing Aircraft 

a. Wmg and Tail Surfaces. Structural ice on 
wing and tail surfaces, disrupting the flow of 
air around the airfoil, causes a loss of lift and 
an increase in drag, and results in a higher-than- 
normal stall speed (figs. 9-1, 9-4, and 9-6). 

h. Propeller. The accumulation of structural 
ice on pi'opeller hubs and blades causes an un- 
balance which may produce severe vibration. 
Ice on the propeller blades spoils the aerody- 
namic properties of the airfoil and results in a 
loss of thrust (fig. 9-6) . Increased throttle or 
power settings may then fail to produce suffi- 
cient thrust to maintain flying speed. 
c. Pitot Tube. Ice in a pitot tube will reduce 



Figure 9-S. Rates of ice formation. 
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Figure 9-^, Clear ice on unheated wing tip. 



Figure 5 - 5 . Undersurface of wing aerodynamically 
unclean because of ice formation. 


the size of the opening and change the flow of 
air in and around it. As a result, the flight 
instruments which are part of the pitot static 
system (i.e,, airspeed indicator, rate of climb 
indicator, turn indicator, etc.) will become un- 
reliable (figs. 9-7 and 9-8). 

d. Windshield. The formation of ice or frost 
on windshields of aircraft is most frequent dur- 
ing takeoffs and landings. Insignificant frost 
particles on the windshield prior to takeoff may 
act as sublimation nuclei during takeoff and re- 
duce visibility to zero before the aircraft leaves 
the runway. Ice accumulation on the windshield 
during letdown may prevent visual contact with 
the runway (figa, 9-9 and 9-10) . 

e. Control Surfaces. Icing on aircraft control 
surfaces (ailerons, elevators, rudder, etc.) dis- 
rupts their aerodynamic characteristics and/or 
restricts their movement. A restriction to 
movement occurs when ice accumulates around 
protruding hinges. 



Figure 9-6, Propeller icing. 




Figure 0-7, Pitot tube ice, 

f. Fuel Vent. Heavy ice accretion on aircraft 
surfaces (fig. 9-11) may block fuel vents. A 
blocked vent produces a vacuum within the fuel 
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tank which may prevent the flow' of fuel to the 
marine nr cnitse the fuel tank to collapse. 



Figure 9~8. Pitot icing. 




•kFiyiire 9-9 (Superseded) Windakicldice, 


Induction System Icing, 

(1) Formation and indication. Inductioi 
ice (figs. 9-12 and 9-18) may form ii 
i>uth places as the airscoop, in curves of the in. 
clue !on system, at the discharge nozzle, in the 
ventun or in the throttle (butterfly) valve 
One of the best indications of induction system 
- an otherwise unexplained loss of mani- 


’ 'retor ice results 
different from 



Figure 9-JO, Frost and ice on unvdshieJd of aircrafi. 



under conditions in which it is impossible for 
structural ice to form — if the humidity of the 
free air is high, carburetor ice may occur in 
clear air when the temperature is as high as 
26° C., and is most serious when temperatures 
and dewpoints approach 20° C. Oarbureior ice 
is the result of two separate cooling processes 
during earburetion : 

(a) Vaporization of gasoline. 

{b) Decrease of pressure in the venturi 

tube. 

NOTE 

The greatest temperature drop is caused by 
vaporization of gasoline. 


9~6, lcin 0 on Rotcti'y Win 9 Aircrofl 

Helicopter structural icing studies by military 
and civilian research agencies between 1968 
and i960 revealed the following! 





Figure 9~12. Airsooop icing, 


a. Rotor Systems, Ice formation on the heli- 
copter main rotor system or antitorque rotor 
system may produce critical vibration and loss 
of efficiency or control. Although the alow for- 
ward speed of the helicopter reduces ice accre- 
tion on the fuselage, the rotational speed of 
main and tail rotor blades produces a rapid ac- 
cretion rate on certain surface areas, 

(1) Main rotor head assembly. Ice accu- 
mulation on the swashplatea, push-pull rods, 
bell cranks, hinges, scissors assemblies, and 
other mechanisms of the main rotor head as- 
sembly (fig, 9-14) interferes with collective 
pitch and cyclic control. 

(2) Main rotor blades. Several factors 


tend to reduce ice accretion on the main rotor 
blades; i.e„ the centrifugal force of rotation, 
the bending and flapping of the blades during^ 
rotation, the slow rotational speed! of the 
blades near the rotor head, and the fast rota- 
tional speed near the blade tips. However, at a 
hover a 3 /16-inch coating of ice is sufficient to 
prevent some helicopters from maintaining 
flight. A critical icing hazard can therefore 
form rapidly on the center two-thirds of the 
main rotor blades (figs. 9-15—9-18) . The un- 
even accretion or shedding of this ice forma- 
tion may also produce severe rotor vibration. 

(3) Tail rotor. Ice accumulation on either 
the antitorque rotor head assembly or bladea 
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reduces the same hazards as those associated 
ith the main rotor. The centrifugal force of 
)tation and the blade angle of incidence rela- 
ve to the clouds help to reduce ice accretion 
1 the tail rotor blades, but the shedding of ice 
om the blades may damage the fuselage or 
e main rotor (fig. 9-19). 

6. Air Intake Screens. Ice accretion on the 
gine and transmission air intake screens is 


more rapid than accretion on the rotor systems. 
This results in inadequate cooling of the engine 
and transmission. On some helicopters, a loss 



i^Fiffure (Superseded) Main rotor head icing. 






mm 






Figure 9-16, Irregular rotor-blade icing pattei'n. 
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Figure 9-17, Smooth rotor-blade icing pattern. 

of manifold pressure concurrently with air in- 
take screen icing: may force the immediate land- 
ing of the aircraft. Freezing water passing 
through the screens also coats control cables and 
may produce limited throttle movement and 
similar control problems (figs. 9-20 and 9-21). 


Figure 9-19. Tail rotor icing. 


c, other Icing Areas. Induction system icing, 
windshield icing, and pitot tube icing as pre- 
sented in paragraph 9-5 is equally applicable 
to rotary wing aircraft. 










O June 1963 


m 1-300 





f ! 1 ' . 


»'( 


• til ,i*'i 


-3‘ 'i' 

vS'%' 





■ I ' ' ” O'-' M ' t , , ' 

■,'('■ * i"/ J" ji'IV'- i ' * '■ j ' ' ’ ■ 

<" ),,, I'll. I ", - f , 

•'w'M':*, ; ' . I • ‘■''i" ,. ^ 

j'1 ' ''Ji*' .r ' . V ‘ 'I ■' , ' 

I,' , <" 4 'i • 

' I 1' ■ ‘ ' ■!'' ' ■ '' ij'' •; n ' L 

j’ ■J’S J., " I ■>' » ,. ■> u ... 'i., / 

I^iffure 9-20. Engine air intake screen icing. 


7", Icing in Turbojet Engines 

Between 1946 and 1958, 22 percent of the 
cf aft accidents in which icing was a contrib- 
tig factor were in turbojet aircraft. Of these, 
percent of the accidents were caused by air- 
me icing and 24 percent by induction system 
IS”. 

Turbojet engines with axial flow compres- 
3 are seriously affected by the same atmos- 
■ric conditions which cause wing icing. Ice 
r the inlet guide vanes restricts airflow, 
roby producing less thrust, excessive turbine 
peratures, and probable turbine failure, 
eirity of the internal icing conditions is indi- 
)ci by the turbine tailpipe temperature. The 
} of ice accretion is in proportion to the in- 
}i-ty of the icing condition (par. 9-12) and 
flow of air through the engine (rpm). 

Although jet engine icing occurs under the 
e conditions as wing icing, the rate of accre- 

is different. The amount of engine icing 
mds upon the concentration of water and is 
)st independent of the size of the water- 
)s. For a given concentration of water in 


the atmosphere and for a given airspeed and 
engine rpm, the engine icing rate will be con- 
stant, but wing icing accretion will be lighter 
with small drops (par. 9-4&). Objects which 
protrude into the airstream with a small radius 
of curvature (tail surfaces, antennas, and pitot 
tube braces (fig. 9-22) ) provide the most reli- 
able visual indication of the rate of engine icing. 

c. A low airspeed will reduce the rate of ice 
formation both in the engine and on the struc- 
tural surfaces. However, the aviator should 
maintain a close watch on turbine tailpipe tem- 
perature whenever internal icing is suspected. 

9-8. Wecither Areas Conducive to Icing 

a. Frontal Inversions. When warm air is 
forced to rise over a colder air mass, a frontal 
inversion is present (fig. 9-1). Below the in- 
version, structural icing areas are common in 
winter. 

(1) Warm moist air displaced by the fron- 
tal surface cools by expansion and pro- 
duces thick clouds and precipitation. 
The raindrops falling from the warmer 
air through the wedge of cold air may 
be cooled below 0° C., but the drops 
will remain liquid if their round shape 
is not disturbed. When the supercooled 
waterdrops strike an aircraft, their 
shape changes and they freeze on the 
aircraft. The large precipitation drops 
(freezing rain or H’eezing drizzle) 
produce a rapid accretion of glaze in 
a short period of time. Often the 
freezing precipitation is mixed with 
sleet (frozen waterdrops) or snow (ice 
crystals) as it falls through the cold 
air to the surface. 

(2) An aviator should escape from an area 
of freezing precipitation by climbing to 
the warmer air above the frontal in- 
version. Prior to flight into the fron- 
tal area, the altitude of the inversion 
can be obtained from the Skew T, log 
p Diagram, from upper air charts, or 
from teletype weather reports. The in- 
version layer is indicated by a tempera- 
ture increase and a distinct wind shift 
through a relatively narrow atmos- 
pheric layer (500 to 1,000 feet). 
Descending to avoid the freezing pre- 
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Figure 9-^81. Transmission air intake screen icing. 


cipitation may not I’esolvc the icing 
problem because freezing rain or driz- 
zle may extend to the surface, covering 
power lines, trees, and runways with 
a solid coating of ice. Reversing 
course in flight will prolong the flying 
time in the serious icing area and in- 
crease the ice accunaulation. 

Warning: An aviator should not de- 
scend to avoid freezing precipitation 
unless he knows the temperature at 
the surface is above freezing. 

b. Suspended Supercooled Water Droplets 
(Clouds). 

(1) Stratiform clouds, Stratiform clouds 
indicate stable air in which either 



Figure 9-82, Antenna icing. 
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minute water droplets or ice crystals 
are suspended. The ice crystals pre- 
sent no icing problem since they do 
not stick to the aircraft upon impact. 
The small supercooled water droplets, 
however, will freeze into rime upon 
contact with the aircraft. Glaze may 
form in the rain zones of stratiform 
clouds, and often a combination of 
rime and glaze will form in some areas 
of the clouds. Where icing zones occur 
in stratiform clouds, aii’craft should 
either be flown under the icing zones 
where the temperature is above freez- 
ing or above the zones where only ice 
crystals are present. 

(2) Cumuliform clouds. Cumuliform 
clouds indicate unstable air in which 
strong vertical currents can suppoH 
supercooled liquid drops. Upon impact 
with aircraft, these large drops spread 
out before turning to ice. The I'esult- 
ing glaze adheres tenaciously to the 
aircraft. Since large waterdrops ac- 
cumulate rapidly in areas of high liquid 
concentration, icing quickly becomes a 
serious hazard in icing zones of cumuli- 
form clouds. Figure 9-3 shows the re- 
lation between the rate of ice forma- 
tion and the drop size when the cloud 


contains a large amount of liquid water 
(5 grams per cubic meter) as con- 
trasted to a smaller amount { 0.5 grams 
per cubic meter) . 

c. MoimUvinous Terrain. The lifting of con- 
ditionally unstable moist air over mountain 
ranges during the winter is one of the major 
ice-producing processes in the United States. 
When niT air moves over the Appalachian 
Mountains, it is often cooled to subzero lom- 
peratures. An icing hazard exists for all flights 
through this air. Similarly, tnP aiz’ approaching 
the west coast of the United States contains 
considerable moisture in its lower levels. As the 
air is forced aloft by the successive mountain 
ranges encountered in its eastward movement, 
severe icing zones develop. Figure 9-23 shows 
typical icing regions along parallel ridges. The 
most severe icing will take place above the crests 
of the mountains and to the windward side of 
Uie ridges. Usually the icing zone extends about 
4,000 feet above the tops of the mountains. In 
unstable air, tlic icing may extend to higher alU- 
tudes. The movement of a front across a moun- 
tain combines two weather areas in which seri- 
ous icing may occur. A study of icing in Uie 
Western United States has shown that almost 
all the icing conditions occurred where the air 
was blowing over a mountain slope, or up a 
frontal surface or a combination of both. 
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'9-9. Polar Icing Reports 

-i.mmury i.f 14.843 pilot reports com- 
,.ile,l rlm-inp Worlil Wiir TI iiulicates the follow- 
i,,.. i.-iiK? flu-t-! C'liioeniing flight operations 
i,„rthofno north latitude. (The temperatures 
,1 ...] hol.rtv are free air temperatures as re- 
.,„rt..,l l.y ^ta.ulard aireraft 
nomrt.-d IlK'ht altitudes ranged from 7,000 
ft-t (n 12,0ri0 fet't. and the reports were foi the 


A!a‘>kun Region.) 

n) Only 1,409 of the total 14,843 pilot 
reports mentioned icing of any type. 

(2) The month of maximum occurrence of 
severe icing was P'ebruary. 

(3) The month of maximum icing reports 
of all types was February. 

(4j The month of least occurrence of icing 
wa.s Sejitember. 

(5) Of all types of icing reported, rime, 
e'pecially moderate rime, was the pre- 
dominant type found at low tempera- 
ture.s in all seasons. 


(6) One ca.se of severe rime was reported 
at a temperature of —40° C. (Since 
thi.s summary was made, cases of 
severe icing have been reported at tem- 
peratures as low as —55° C.) 


(7) Severe ice in summer was reported at 
temperatures from 0° C. to —8° C, 

(8) Severe ice in the winter was normally 
reported at temperatures from 2® C. 
to -8° C. 

(9 ) When observations of icing conditions 

3t 


were possible, icing appeared least at a 
temperature of —11° C. 

b Light icing was classified as an accretion 
of a mere trace to 0.2 inch in 5 minutes ; morfer- 
ate icing, as a buildup of from 0.2 to 1,5 inche.s 
of ice in 5 minutes. Severe icing was repoiLed 
where the rate of accretion was greater than 
1.5 inches in 5 minutes. 

9-10. Condensed Icing Facts (Structural Ice) 

a. General , 

(1) Icing conditions should be expected in 
cloud layers where the air temperature 
ranges from 0° C. to — 20® C. 

(2) Icing hazards above the clouds are not 
great. 

(3) Severe icing should be expected in ram 
or drizzle below a cloud where the air 
temperature is less than 0° C. 

(4) Ice crystals will not adhere to an air- 
craft. 

(5) Icing is severe in winter frontal zones. 

(6) Icing is severe in upslope moist air 
movement over mountains during the 
winter. 

(7) Most structural ice formations arc a 
combination of rime and clear. 

b. Clear Ice. 

(1) Clear ice is predominant in cumuli- 
form clouds where temperatures range 
from0° C. to -10® C. 

(2) Clear ice is found in freezing precipi- 
tation below clouds, 

(3) Clear ice is more hazardous than rime 
ice. 

c. Rime Ice. 

(1) Kime is predominant in stratiform 
clouds where temperatures range from 
0°C.to-20®C. 

(2) Rime ice is common in cumuliform 
clouds where temperatures range from 
—10° C. to —20® C. and the super- 
cooled droplets are less numerous and 
smaller in size. 

9-11, Checklist for Cold Weather Opera* 
tions 

Following is a winter checklist that will help 
reduce hazards of cold weather flying : 

a. Check weather carefully; ask the aviator 

who just came through. 
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h. Check NOTAMS. 

c. Remove frost and snow before takeoff. 

d Check controls for restriction of move-, 
ment, 

e. Taxi slowly. Use brakes with caution. 

f. After runup in fog or rain, check wing 
and empennage for ice in propeller wash area. 

g. Wear sunglasses if glare is bad. 

h. Avoid taking off in slush or wet snow, if 
possible. 

i. Be alert for snowbanks during takeoff and 
landing. 

j. Use pitot heater when flying in rain, 
snow, clouds, or known icing zones. 

k. When flying in freezing rain conditions, 
climb into the clouds where the temperatures 
will be above freezing (unless the temperature 
at a lower altitude is known to be high enough 
to prevent ice). 

l. Report all in-flight weather hazards. 

m. If icing can’t be avoided, choose the alti- 
tude of least icing. (Glaze ice is common in cu- 
mulus clouds ; rime ice is common in stratiform 
clouds.) 

n. Use carburetor preheat to prevent ice for- 
mation ; do not wait until an icing condition ex- 
ists. Watch the carburetor air temperature, 
especially between -6° C. and +10“ C. Use 
full carburetor heat to clear it of ice. 

0 , Watch airspeed. Stalling speed increases 
with airframe icing. 

p. Check wing deicers; use them properly. 
Do not land with deicers on since they act as 
airflow spoilers. 

g. Avoid making steep turns if the aircraft 
is heavily coated with ice. 

r. Avoid making three-point landings when 
“iced up.” Fly in with power. Before starting a 
landing approach, slowly move throttle back 
and forth to make sure the carburetor but- 
terfly valve is free of ice. 

s. Maintain carburetor heat whenever car- 
buretor icing is likely. 


t. Before takeoff, insure that anti-icing and 
deicing equipment is in operating condition. 

NOTE 

When ice forms on the aircraft, more fuel 
will be required to reach a destination. In- 
creased drag and ice-preventive measures 
take workpower away from the aircraft 
and reduce its cruise range. Therefore, if 
icing conditions are anticipated, a more 
conservative cruise control also must be 
anticipated. 

★9-1 2. Icing Intensity 

The aviator is responsible for reporting the in- 
tensity of icing encountered in flight, either 
upon completion of the flight or as a pilot re- 
port (PIREP, para ll'-14&) during the flight. 
If the flight is to be made through known or 
forecast light or moderate icing, the aircraft 
must be equipped with adequate deicing/anti- 
icing equipment. No aircraft will be flown into 
known or forecast heavy icing conditions (para 
21d, AR 96-1). The standard criteria for judg- 
ing the intensity of structural icing follows : 

a. Trace of Icing. The presence of ice on the 
airframe is perceptible but the rate of accre- 
tion (accumulation) is nearly balanced by the 
rate of sublimation (evaporation). This condi- 
tion is not a hazard for aircraft without 
deicing/anti-icing equipment unless encoun- 
tered for an extended period of time, Nor- 
mally, the use of deicing/anti-icing equipment 
is unnecessary. 

h. Light Icing. When light icing prevails, 
the occasional use of deicing/anti-icing equip- 
ment may be necessary. If the equipment is not 
used and the flight is prolonged, the rale of ac- 
cretion may be sufficient to create a hazard. 
However, this condition is ordinarily insuffi- 
cient to make diversionary action necessary. 

c. Moderate Icing. During moderate icing 
conditions, the use of deicing/anti-icing equip- 
ment is mandatory or immediate diversion is 
necessary. If this equipment is not used, the 
rate of accretion is excessive, making oven 
short encounters under these conditions haz- 
ardous. 

d. Hemy Icing. When under conditions of 
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ht‘avy icing the deicing/anti-icing equipment 
faiin to reduce or control the hazard, immedi- 
ate diversion is necessary. The term ‘‘severe," 
in^ttad of “heavy," to describe heavy icing 
may be used outside the United States. 

9-13. Deicing and Anti-icing Methods 

Deicing and anti-icing methods include the fol- 
lowing: 

a ^f€chanical Boots. The leading edges of 
wing and tail surfaces may be equipped with 
rubber skins or boots that fit the contour of the 
airfoil. During icing situations, compressed air 
is cycled through ducts in the rubber boots, 
causing the boots to swell and change shape. 
The stre.ss produced by the pulsating boots 
cau.^es the ice to crack so that the airstream 
can then peel the ice fragments from the boots. 

h. Anti-icing Fluids. Anti-icing fluids are 
used on rotating surfaces, such as propellers 
xmd rotor blades, where the centrifugal force 


produced by the rotating surface spreads the 
fluid evenly over the entire surface. Such fluids 
are effective anti-icing agents because the fluid 
helps prevent ice from adhering to the coated 
surface, and the ever-present centrifugal force 
throws the ice from the surface. Anti-icing 
fluids will not remove ice which has already 
formed. 

c. Heat. The application of heat to a surface 
being iced is another method of removing 
structural ice. Since the leading edges of wings 
and the tail surfaces are conducive to the most 
serious icing, these areas may be heated by 
electrical means or by hot air which is piped 
from the manifold of the engine. The process 
of supplying hot air from the manifold gave 
rise to the name “hot wing" aircraft. However, 
practical considerations of weight, heat ex- 
change between engine and manifold, tempera- 
ture effects on the structure of the aircraft, 
and elechncal insulation limit the use of ther- 
mal deicing equipment. 
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CHAPTER 10 
THUNDERSTORMS 


10—1. General 

a. Since an average of 44,000 thunderstorms 
occur daily over the surface of the earth, it may 
be necessary for the Army aviator to fly through 
a thunderstorm or a thunderstorm area to com- 
plete a mission. He must be cognizant of the 
hazards and flight problems presented by thun- 
derstorms to be able to plan and conduct a flight 
through an area of turbulence and associated 
phenomena with the same knowledge and con- 
fidence that he would have in any other weather 
situation. 


6. When thunderstorms are in the flight area, 
it is sometimes possible to fly around them. 
Where flight must be made through thunder- 
storms, the danger of penetrating them will be 
reduced considerably if proper techniques are 
used. Fear will detract from the efficiency of 
the aviator's responses to the thunderstorm con- 
ditions (fig. 10-1) and hinder him in the proper 
use of penetration technique. 

c. The aviator should remain on visual flight 
rules (VFR) through any known or suspected 
thunderstorm area, since these cumulonimbus 
clouds are often concealed by surrounding cloud 
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!.'!>€•}>. This practice eliminates the possibility 
».i u 111 n tent tonal thunder storm penetration. 

iJ. All thunderstorms are similar in physical 
makoup, but for purposes of identification they 
arc (h\ idl'd into hvo general groups — frontal 
and air This division gives the aviator an 

indication of the method by which the storms 
art' formed and the distribution of the clouds 
tho area. The specific nomenclature of 
tluvM thunderstorms depends upon the manner 
in which the lifting action occurs as explained 
in paragraphs 10-3 and 10-4 below. 

1 0-2. Factors Necessary for Thunderstorm 
Formation 


possible for dry heated air to rise convectivoly 
without the formation of clouds ; in thiH condi- 
tion, turbulence might be experiencc'd in ])er- 
fectly clear weather. CumulonimbuH cloud 
formations require a combination of condition- 
ally unstable air, some type of lifting action, and 
high moisture content. Once a cloud has formed, 
the latent heat of condensation releu.scd by the 
change of .state from vapor to liquid U'ikIk to 
make the air more unstable. 

Note. Stable or dry uiv jil inierimMlinlo ulUUide.s 
may prevent cumulus or towering cuniulus cloud.H I’nmi 
building upward into the thuiul or storm Hlngo. There- 
fore, ideal conditions in the .surface air being lifted are 
no assurance that tluuiderstorins will doveloji. 


The minimum factors essential to the forma- 
tion of a thunderstorm are conditionally un- 
.« tabic air with relatively high moisture content 
and type of lifting action. 

Conditional Instability. Conditional in- 
stability exists when the temperature lapse rate 
of the air involved lies between the moist and 
dry adiabatic rates of cooling. Before the dis- 
placed air actually becomes unstable, it must be 
lifted to a point where it is warmer than the 
.''Urrounding air. When this point has been 
reached, the relatively warmer air continues to 
rise f reedy until, at some higher altitude, its 
tcmiierature has cooled to the temperature of 
the >urrounding air. In the instability process, 

11 umerous variables tend to mod ify the air. One 
of the most important of these variables is the 
imocess called entrainment. In this process, air 
adjacent to the cumulus or mature thunder- 
storm IS drawn into the cloud, primarily by 
^dnmg u^lrafts within the cloud. The entrained 
air modifies the temperature of the air within 
le cloud as the two become mixed. 

type of external 

to rilT fil V where it wii] continue 

Tor Dxamiil/ i of free convection). 

. ample, an air mass may be lifted hv 

tWal convection, terrain, fronts, oi conver- 

not “pslope may 

ot cause free convection. Air may be lifted 

forms*’ doud'rtut^th 

stable if the’lera! 

boon reached by the lifti^.” ConVeTsel’y ^t™* 
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lu-o. rroniai i nunctersrorms 

Thunderstorms may occur within ilio cloud 
system of any front — toarni, cold, slaiiomtry, or 
occluded. Frontal thunderstorms are caused by 
the lifting of warm, moist, conditionally un- 
stable air over a frontal surface. 3'hundcr- 
storms may also occur many miles niiead of a 
rapidly moving cold front. The direct cause of 
these prefrontal thunderstorms is imcortain, 
but they are associated with frontal weather 
and weaken the thunderstorm uctiviiy along 
the cold frontal surface, 
a. Wm^m Front TMinde7'8iorms. Those thun- 
derstorms are caused when warm, moist, con- 
ditionally unstable air is forced aloCl over a 
colder, more dense shelf of retreating air. Be- 
cause the frontal surface is very shallow, the 
air IS lifted graclually. The liflhiK condenwi- 
tion level la normally reached Idiik before the 
level of free convection, Uuia iiroduciiiK atriiti- 
oim clouds. The level of free conveeUon will 
noima ly be reached in isolated areii.s along the 
fiontai surface whore the greatest amount.s of 

iTfM ''ts!' r 

enllv Q warm-front storms are gen- 

tlon 

form ™™-front thundorslorma may 

identif Jh! ““ “xtromoly dimcult to 

dent fy because they aro obscured by the aiir- 

ZZ Zh ^ ®oH‘»lion by 

on a low ® ™ I*'® with his receiver 

sLw T Z Z™ A study of the 

croDospd flfo-s. -fof stations along the 

0 the existence of a conditionally 
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ut^atable lapse rate through the layers of atmos- 
pliere in which clouds are forming (figs. 10-2 
^ jid 10-3) . By I’ef erring to the radar summary 
oliarts, the aviator can determine the presence 
£tnd nature of buildups (par. 15-6). 

b. Cold-Front Thunderstorms. The forward 
rnotion of a wedge of cold air under a mass of 
moist, conditionally unstable air causes 
if:;launderstorms to develop along a cold front. 
'I' he slope of a typical cold frontal surface is 
relatively steep (fig. 10-4), so the lifting con- 
<;lonsation level and the level of free convection 
usually near the same altitude. Cold-front 
tlitinderstorms are typically positioned along 
-tine frontal surface in what appears to be a con- 
tinuous line. These storms are easily recog- 
nised from the air because they are partly 
visible from the front and rear of the storm 
line. However, if the slope of the frontal sur- 
is shallow (fig. 10-5), the lifting action is 
not suflicient to produce thunderstorms in lines 
(line squalls). With a shallow front, the thun- 
cl or storms form behind the surface front and 


are widely scattered. Such stoi’ms may be con- 
cealed by the surrounding cloud layers. 

c. Prefrontal Squall-Line Thunderstorms. 
With rapidly moving cold fronts, the warm, 
moist, unstable air ahead of the surface front 
may be displaced by an outflow of cold air ahead 
of the front for a distance of 76 to 300 miles. 
The exact origin of the cold air outflow is con- 
troversial — the cold air may be a high-altitude 
outflow from above the frontal surface or a sur- 
face outflow from the downdrafts along the cold 
front. Whatever the cause, a continuous line of 
thunderstorms, known as a 'prefrontal squall 
line, frequently forms parallel to the cold front. 
Prefrontal squall-line thunderstorms are usually 
more violent than cold front thunderstorms and 
are most active between noon and midnight. 
The cold front cloud system usually weakens 
during the period of the greatest prefrontal 
squall-line activity, because the warm air dis- 
placed by the frontal surface has lost its 
moisture and energy in the prefrontal thunder- 
storms. In the United States, tornadoes are 



Figure 10~2. Wnnn front (stable warm air). 
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Figure 10-3. Warm front (conditionallg ^insiahle warm air). 


frequently associated with strong prefrontal 
squall lines. Prefrontal squall-line thunder- 
storms are indicated on the surface weather 
map by an alternate dash-dot-dot line (figs, 
10-6 and 10-7). 

(L Stationaru-Pront Thunderstorms. The 
distribution of these thunderstorms is con- 
trolled by the slope of the frontal surface. 
Abrupt stationary fronts tend to have lines of 
storms, whereas shallow stationary fronts tend 
to have the storms widely scattered. 

c. Occluded-Front Thunderstorms. Thun- 
derstorms associated with the two types of 
occluded fronts (warm front and cold front oc- 
clusions) are usually cold-front thunderstorms 
that have been moved into the area of warm 
frontal weather by the occlusion process (par. 
i-oa, c) . They are found along the upper front 
and are normally strongest for a distance of 

1(M 


BO to 100 miles north of the ])eak of the warm 
sector. 

10-4. Air Mass Thunderstorms 

The two types of air mass thunderstorms are 
convective and orographic. Both types form 
within air masses and arc tyjjically scattered or 
isolated over a large region (fig. 10-8) . 

a. Convective Thunder star ms. Convective 
thunderstorms are often caused hy solar heat- 
ing of the land which, in turn, i)rovi(les heat to 
the air, resulting in thermal convection. Rela- 
tively cool air flowing over a warmer water sur- 
face may also produce sufficient convection to 
cause thunderstorms. 

(1) The land-type convective thunder- 
storms normally form during the after- 
noon hours after the earth has gained 
maximum heating from the sun. If 
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Figure lu-~4. Abrupt cold /> out ( conditionally unslnblc warm air). 



Figure 10-5. Skalloto cold front ( conditionally unstable warm air). 
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cool, moist, conditionally unstable air 
is passing over this land area, heating 
from below "Will cause convective cur- 
rents and result in towering cumulus 
or thunderstorm activity (fig. 10-9). 
Dis.sipation usually occurs during the 
early evening hours as the land begins 
to lose its heat to the atmosphere. 
Although convective thunderstorms 
form as individual cells, they may be- 
come so numerous over a particular 



Figure 10~6. Squall line cloud. 


geographical area that VPR flight is 
impossible. These areas of congested 
cumulus and cumulonimbus clouds 
should break and dissipate in approxi- 
mately 2 hours. 

(2) Thunderstorms over the ocean are 
most common during the night and 
early morning. They frequently occur 
oif shore when the land and sea breezes 
are blowing toward the water. The 
cool land breeze is heated by the 
warmer water surface, resulting in 
sufficient convection to produce thun- 
derstorms. After sunrise, heating of 
the land suiTace reverses the airflow 
(sea breeze) . The thunderstorms then 
dissipate over the water but ro-form 
over the warmer land surface. 

(3) The air mass weather that exists in 
Florida combines both types of con- 
vective thunderstorms (flg. 10-10), 
Circulation around the Bermuda high 
carries moist ocean air over the wai'm 
land surface of the Florida peninsula. 
At night, thunderstorms ofT the Flor- 
ida coast are caused by the warm water 
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Figure 10~8. Air mass thunderstorms. 



of the Gulf Stream healins: the surface 
air while the upper air is cooling by 
radiation to space. This heating from 
below produces thermal convection 
over the water. When the sun rises, 
the heat balance necessary to maintain 
storm formation over the water is de- 
stroyed. By day, the storms appear to 
move inward over the land areas, but 
actually dissipate off the coast and re- 
form over the hot land. The heated 
land surface sets up an u instable lapse 
rate over the peninsula and causes 
storm development to continue until 
nocturnal cooling occurs. Usually, con- 
vective type storms are scattered and 
easily recognized. The visibility in the 
areas surrounding the clouds is gen- 
erally excellent (fig. 10-10). 
h. Orographic Thunderstorms. Thunder- 
storms will form on the windward aide of a 
mountain if conditionally unstable air is lifted 
above the level of free convection. The storm 
activity is usually scattered along the individual 
peaks of the mountains, but occasionally it may 
fom a long unbroken line of storms similar to 
a line squall. The storms persist as long as the 
circulation causes upslope motion. From the 
windward side of the mountains, identification 
of orographic storms may sometimes bo diffi- 
cult because the storm clouds are obscured by 
other clouds (usually stratiform) below the 
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level of free convection. Almost without excep- 
tion, orographic thunderstorms enshroud moun- 
tain peaks or hills. No attempt should be made 
to fly under this type of stoim unless the op- 
posite side of the area is clearly visible to the 
aviator and considerable altitude is available 
between the terrain and the cloud bases (fig. 
10 - 11 ). 

10—5. Structure of Thunderstorms 

a. Convective Cells, The fundamental struc- 
tural element of the thunderstorm is the unit 
of convective circulation known as a convective 
cell. A mature thunderstorm contains one or 
more of these cells in different stages of devel- 
opment, each varying in diameter from 1 to 5 
miles. By radar analysis and measurement of 
drafts, it has been determined that each cell is 
generally independent of surrounding cells in 
the same storm. Each thunderstorm progresses 
through a life cycle of from 1 to 3 hours, de- 
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pending upon the number of cells contained and 
their stage of development. In the initial stage 
(cumulus), the cloud consists of a single cell; 
as the development progresses, new cells may 
form as older cells dissipate. 

b, Stages in Cell Development, The life cycle 
of each thunderstorm cell consists of three dis- 
tinct stages: cumulus, mature, and dissipating 
or anvil, 

(1) Cumulus stage. Although most cu- 
mulus clouds do not become thunder- 
storms, the initial stage of a thunder- 
storm is always a cumulus cloud. The 
chief distinguishing feature of the cu- 
mulus or building stage is an updraft 
which prevails throughout the entire 
cell (fig. 10-1 2) . This updraft may 
vaiw from a few feet per second to as 
much as 100 feet per second (65 knots) 
in mature cells. As an updraft con- 
tinues through the vertical extent of 
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the cell, watei' droplets coalesce, and 
raindrops are formed. 

(2) Mature stage. The beginning of sur- 
face rain and adjacent updrafts and 
downdrafts initiates the mature stage 
(fig. 10-13) . By this time, the aver- 
age cell has attained a height of 25,000 
feet. As the drops begin to fall, the 
surrounding air begins a downward 
motion. Being unstable, this air be- 
comes colder than its surroundings 
and its rate of downward motion is 
accelerated, forming the downdraft. 
The downdraft reaches maximum 
speed a short time after rain begins to 
fall in the cloud. Maximum down- 
drafts occur at all levels within the 
storm and their speed ranges from a 
few feet per second to about 40 feet per 
second (26 knots) . Significant down- 
drafts never extend to the top of the 
cell because moisture is not sufficient in 
the upper levels for raindrops to form. 
At these high levels only ice crystals 
and snowflakes are present, and their 
rate of fall is insufficient to cause 
appreciable downdrafts. The mature 
cell generally extends far above 26,000 
feet — in rare instances up to 70,000 
feet. In the middle levels around 



Figure 10-12. Thunderstorm eell, oiimulus atage. 


14,000 feet, strong updrafts and down- 
drafts are adjacent to each other. Their 
friction causes a shear action between 
the drafts and produces strong and 
frequent gusts. These gusts may easily 
flip the aircraft into unusual attitudes 
and overstress its structure especially 
during middle-altitude penetrations. 

(3) Dissipating or anvil stage. Through- 
out the life span of the mature cell, 
more and more air aloft is entrained 
by the falling raindrops. Consequent- 
ly, the downdraft spreads out to lake 
the place of the weakening updrafts. 
As this process progresses, the entire 
lower portion of the cell becomes an 
area of downdraft. Since updrafts ai’e 
necessary to produce condensation and 
latent heat energy, the entire struc- 
ture begins to dissipate. The strong 
winds aloft carry the upper section of 
the cloud into the familiar anvil form 
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(cumulonimbus cloud) , indicating- that 
the storm cell is gradually dissipating 
(fig. 10-14). 

1 0—6, Vertical Development 

The height of storms is of great concern to 
aviator determining an optimum flight alti- 
tude. Prior to the advent of radar analysis, 
f'^ccui'ate estimates of cumuliform cloud tops 
w^re difficult because of stratified cloud shelves 
■ut lower levels. 

a. Measurements. Measurements of the ver- 
tical extent of thunderstorm activity -were made 
iu the Thunderstorm Project by use of radar 
equipment with a range-height indicator. The 
closest correspondence between the radar-meas- 
ured top and the actual top was found to occur 
during the cumulus stage. Height, distribu- 
tion, and frequency observations (table II) in- 
dicate that most of the storms measured (fig. 
10-15) had heights between 25,000 and 29,000 
feet. The average of all heights measured in 
the Thunderstorm Project was 37,000 feet, and 
^ the maximum height observed was 56,000 feet. 
Thunderstorms have been accurately measured, 
however, as high as 67,000 feet, and severe 
storms attain heights greater than this. 

Note. The Thunderstorm Project was a joint 
Weather Bureau-Air Porce-Navy-N.A.C.A, project con- 
ducted from 1946 through 1949. During the project, 


over 1,300 thunderstorm penetrations wei*o accom- 
plished with specially equipped P-61 aircraft stressed 
for -h? g's. 



Figure Thunderstorm cell, dissipaiinff stag 


Table II. Height, Distribution, and Freipiency Observations 


Type ot storm 



Height (thousands of feet) 





26.0- 

29.9 

80.0- 

34,9 

86.0- 

89,9 

40.0- 

44.9 

46.0- 

49.9 

60.0- 

64.9 

66,0- 

69.9 

Average height 
(thousands 
of foot) 

t^umher 
of atormi 

Air mass..... i 

22 

26 

19 

17 

14 

11 1 

2 

37.2 


Squall line... 

' 1 

7 

16 

13 ' 

11 ' 

8 1 

0 

37.7 


Frontal 

1 

1 

0 

0 

2 

! 0 

1 

0 

37.8 

1 

i 

1 

1 

Total 

69 

34 

34 

30 

27 

19 

2 


1 


ed. Rising and de- 
the structural basis 
A draft is a large 
ontinuous over many 
ide. Speeds of such 
mt or gradually vary- 


ing from one altitude to the next- Gusi 
smaller currents generally caused by a she 
action between the drafts. Individual 
have a very short horizontal and vertical e 
but these gusts actually cause the severe fc 
ness in flight. A draft may be compare 
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large river flowing at a fairly constant rate, 
whereas a gust is comparable to an eddy or any 
other random motion of water within the main 
current. 

c. Drafts. Considerable data on drafts was 
collected and tabulated in the Thunderstorm 
Project concerning the speed of drafts and the 
effects of drafts on aircraft. Measurements of 
drafts were computed from changes in pressure 
altitudes. No effort was made by the pilot to 
maintain altitude during the measurements. 
Results are given below. 

(1) The maximum updrafts were found in 
the middle and upper levels of the 
storms. 

(2) The mean of updraft and downdraft 
velocities increased with height. 

<3) Updrafts were generally of greater 
velocity than downdrafts. 

(4) Greater aircraft displacement was ob- 
served at the middle levels. An air- 
plane flying at 130 knots at 14,000 
feet suffered a displacement of ap- 
proximately 6,000 feet in 70 seconds, 
whereas similar aircraft flying at the 
same airspeed at the 6,000-foot level 
experienced maximum displacement of 
only 1,600 feet. 

(6) In the middle and upper levels of the 
cell, mean displacement caused by up- 
drafts was greater in all cases than 
mean displacement caused by down- 
drafts. 

( 6 ) In no case was an aircraft flying at the 
6,000- to 6,000-foot level brought dan- 
gerously close to the ground by a down- 
draft (uneven terrain areas excepted) . 

d. Gusts. Turbulent motions within the cel- 
lular circulation pattern of thunderstorms have 
considerable effect upon an aircraft. In fact, 
the severity of a storm may be classified by the 
intensity and frequency of its gusts. The eddies, 
which are typical of thunderstorm gustiness, 
vary in size from only a few inches to whirling 
masses several hundred feet in diameter. The 
characteristic reaction of an aircraft intercept- 
ing a series of gusts is a number of sharp ac- 
celerations or “bumps” without significant 
change in altitude. These accelerations may be 
accompanied by pitch, yaw, or roll movements 
and are caused by abrupt changes in the wind 
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field encountered by the aircraft. The degree of 
“bumpiness” experienced in flight is related 
both to the number of such abrupt changes en- 
countered in a given distance and the strength 
of the individual changes. 

(1) Comparison of aviator reports of tur- 
bulence during flights in the Thunder- 
stom Project has shown that gusts 
occurring with a greater frequency 
than six per 3,000-foot interval of 
flight are associated with extreme tur- 
bulence. 

(2) Light gust speeds were more frequent 
throughout the storm than those oi 
higher velocity. 

(3) The high velocity gusts (24 feet per 
second or greater) were also obseiwed 
at all altitudes, but with far less fre- 
quency. 

(4) Since gusts of all speeds are prevalent 
at all altitudes, they cannot be avoided 
in flight; however, there is a definite 
maximum frequency of the higher 
speed gusts in the vicinity of 16,000 
feet, near the freezing level. 

(5) Gusts as strong as 43 feet per second 
(27 knots) have been measured during 
thunderstorm penetrations. Most air- 
craft are built to withstand the stress 
imposed by a gust of this nature, pro- 
vided the airspeed is sufficiently low 
at the time such gusts are encountered. 
High-speed gusts have been known to 
cause structural deformation and even 
structural failure, but in most of these 
cases it is believed that the strong 
gusts were encountered at a high air- 
speed for the particular aircraft. 

(6) Since the greatest frequency of strong 
gusts was observed at the 16,000-foot 
level (usually near the freezing level), 
this level should be avoided when 
thunderstorm penetration becomes 
necessary. Strong gusts may also be 
encountered at other altitudes in the 
storm, and in a few cases severe and/or 
extreme turbulence has been encoun- 
tered in clear air above, or out to 6 
miles laterally of, developing mature 
thunderstorms. 
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10-7. Weather wiinin tne Dtorm 

a. Rain, Upon entering a thunderstorm, the 
aviator can expect to encounter considerable 
quantities of liquid water. This moisture is not 
necessarily falling to the ground as rain. It 
may be suspended in, or moving with, the up- 
drafts. Rain is encountered below the freezing 
level in most penetrations of fully developed 
thunderstorms. Above the freezing level, there 
is a sharp decline in the frequency of rain. 
Clouds causing intense precipitation also have 
strong turbulence within them, 

b. Hail. 

(1) During the Thunderstorm Project 
(par. 10-6a-), hail was encountered at 
a maximum of 10 percent of the trav- 
erses at a given altitude. It was sel- 
dom found at more than two levels in 
the same storm. When it was observed 
its duration was very short. All in- 
tensities of hail reached maximum oc- 
currence at the middle altitudes, 
i) Hail has also been encountered out- 
side the storm cloud. The hailstones 
may be thrown upward and outward 
from the cloud under the anvil for as 
much as 4 miles. Many severe storm 
clouds contain hail which may never 
reach the surface. 

dng. Clear icing in cumulus clouds and 
thunderstorms is usually limited in extent be- 
cause of the cellular structure of the clouds, but 
may occasionally be very severe. The heaviest 
icing conditions usually occur just above the 
freezing level where the greatest concentration 
of supercooled water droplets exists. Within 
the cloud, severe icing may occur at any point 
above the freezing level. Since the freezing 
level is also the zone where heavy turbulence 
and rainfall most frequently occur, this particu- 
lar altitude appears to be the most hazardous, 
d, Snoio. During Thunderstorm Project re- 
search, the maximum frequency of moderate 
and heavy snow occurred at the 20,000- and 
21,000-foot levels. In many cases, a mixture 
of snow with supercooled raindrops was en- 
countered at all altitudes above the freezing 
level, A unique icing problem was created by 
the accumulation of wet snow on leading edges 
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lation of rime icing. 
e, ElectHcitij, 

(1) Lightning. Observations of the at- 
mosphere during periods of fair 
weather show that the earth normally 
has a negative electrical charge with 
respect to the air above it. With the 
development of a thunderstorm, the 
electrical charge in the atmosphere is 
redistributed in such a manner as to 
make the upper portion of the thunder- 
storm cloud positive and the lower por- 
tion negative. This in turn induces a 
positive charge on the ground, revers- 
ing the fair weather electric field in 
the lower levels and producing the dis- 
tribution of electrical charges shown 
in figure 10-16. 

(a) The center of the negative charge is 
generally located between the freez- 
ing level and the — 10“ C. level, while 
the positive charge center is located 



Figure 10-16, Location of eleotrical charges inside a 
typical thunderstorm cell. 
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near the —10“ C. level. As the thun- 
derstorm progresses through the 
mature stage, a small region of posi- 
tive charge also develops in the 
dovmdraft associated with the heav- 
iest rain. 

( b) Lightning develops in the region be- 
tween the upper positive charge cen- 
ter and the negative charge center, 
sometimes called the “lightning 
hearth region.” The lightning is 
apparently associated with the ex- 
istence of both liquid water and 
crystals of ice and snow at the same 
level — the exact physical origin of 
lightning is very complex and be- 
yond the scope of this manual. 

(c) Lightning is most frequently en- 
countered as discharges from a cloud 
to cloud or within a cloud, but it may 
also occur from cloud to ground or 
ground to cloud. The estimated total 
potential required to produce a light- 
ning stroke 10,000 feet long is 20 to 
30 million volts. Its current may 
vary from 60,000 to 100,000 am- 
peres. The frequency of lightning 
is greatest at the time the thun- 
derstorm cell reaches its maximum 
height, just prior to the time of 
maximum rainfall at the surface. 

{ d) Since lightning may damage an air- 
craft, the aviator should avoid thun- 
derstorm areas where lightning is 
most frequent. Lightning strikes 
are least frequent at the lowe.st flight 
levels. 

(e) Lightning discharges cause loud 
bursts of static (called crash static) 
on low- and medium-frequency radio 
receivers. Crash static affects radio 
communication throughout a dis- 
tance of many miles from its thun- 
derstorm source. 

(2) Precvpitation static. Static electricity 
is encountered more frequently by air- 
craft in thunderstorms than are light- 
ning strikes. Two saf egua r ds the avi- 
ator can provide against precipitation 
static are to reduce speed or change 
altitude. 


(а) The brush or coroncv discharge is pro- 
duced when an aircraft in flight ac- 
cumulates pronounced static charges 
through contact with ice crystals and 
dust. The accumulation discharges 
to the surroundings and causes pre- 
cipitation static in the aircraft radio 
receiver. Low- and medium-fre- 
quency radio reception may become 
impossible under such circum- 
stances. 

(б) On other occasions, an induced 
charge on the aircraft fuselage tends 
to strengthen the effect of the elec- 
tric field in the cloud, and the result- 
ing lightning discharge may use the 
airplane as a part of the conducting 
path. External electric fields strong 
enough to induce localized charges 
in the aircraft are usually associated 
with areas of strong updrafts and 
downdrafts in the thunderstorm. 
The greater the turbulence, the lar- 
ger the associated external fields are 
likely to be. 

(c) Strong external fields also exist in 
cloud regions where supercooled 
water droplets and ice crystals co- 
exist. The production of negative 
charges is very common near the 
freezing level within the stonn, and 
in the tops of the clouds where ice 
crystals are forming. 

(d) External fields are also found in 
precipitation areas below the clouds 
and are generally strong in areas 
of heavy precipitation. 

/. First Gusts. Another significant thunder- 
storm hazard is the rapid change in wind direc- 
tion and speed immediately prior to storm 
passage at the surface. These strong winds are 
the result of the horizontal spreading out of the 
storm’s downdraft currents as they approach 
the surface of the earth. The total wind speed 
is a result of the downdraft divergence plus 
the forward velocity of the storm cell. Thus, 
the speeds at the leading edge of the storm 
are far greater than those at the trailing edge. 
This initial wind surge, as observed at the sur- 
face, is known as a first gust. The speed of this 
first gust may exceed 75 knots and vary 180“ 
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ction from the previously prevailing sur- 
inds. First-gust speeds average about 15 
over prevailing velocities, and average 
to® change in direction of the wind. First 
usually precede the heavy precipitation 
'irong gusts may continue for approxi- 
■ 5 to 10 minutes with each thunder- 
cell (fig. 10-17). 

Vessiire Variaiions, During the passage 
hunderstorm, rapid and marked surface 
U*e variations generally occur. These vari- 
usually occur in a particular sequence 
2terized by — ( 1 ) an abrupt fall in pressure 
storm approaches, (2) an abrupt rise in 
ire associated with rain showers as the 
moves overhead, and (3) a gradual re- 
■-0 normal pressure as the storm moves on 
-he rain ceases. Such pressure changes 
result in significant altimeter errors on 
if the altimeter setting is not corrected, 
ig the Thunderstorm Project, for each of 
ays on which one or more thunderstorms 
red, the maximum pressure rise and fall 
converted to the equivalent altimeter error 
;abulated. In 22 percent of the cases an 


altimeter setting 10 to 15 minutes old would 
have resulted in an error of 60 feet or more in 
the altimeter indication. If an aviator used an 
altimeter setting obtained during the time of 
maximum pressure and landed after the pres- 
sure had fallen, on 26 percent of the days his 
altimeter would have read 60 feet or more above 
the true altitude after he was on the ground. 
On two occasions, the altimeter would have 
read over 140 feet above the true altitude when 
he landed. 

h. Ceiling and Visibility. Ceiling and visi- 
bility in the precipitation areas under the thun- 
derstorms are normally poor. Because of the 
heavy precipitation, the ceiling reported is at 
best an estimate of where the aviator may 
break out into visual contact with the surface. 
The weather observer determines the vertical 
visibility into the precipitation, and this may be 
significantly different from the slant-range visi- 
bility of the aviator. With normal altimeter 
error and a gusty surface wind condition, the 
restrictions to visibility and low ceiling asso- 
ciated with the thunderstorm present a further 
hazard to the landing of aircraft. 
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i. Turbulence, 

(1) Empirical classification. Turbulence 
is the effect of updrafts, downdrafts, 
and gusts on aircraft in flight. The de- 
gree or intensity of turbulence in the 
atmosphere is classified into four cate- 
gories. 

(а) Light turbulence. Light turbulence 
may occur at any altitude and us- 
ually covers an extensive area. It is 
typically encountered during flights 
through small afternoon cumulus 
clouds; low-level flights over rough 
terrain when the surface wind speeds 
are less than 26 knots ; and low-level 
flights over unequally heated land 
areas during the period of maximum 
heating or over warm water surfaces 
at night. 

(б) Moderate ttirbulence. Moderate 
turbulence is typically encountered 
in the mountain wave up to 160 
miles on the lee side of the moun- 
tains when the wind is perpendicu- 
lar to the mountain range at speeds 
from 26 to 50 knots at ridge level, 
and on low-level flights when the 
surface winds exceed 25 knots. It 
is frequently encountered around 
and above thunderstorms or in the 
cirrus tops of cumulonimbus clouds ; 
6,000 feet above or below the jet 
stream core, or in areas of jet stream 
cirrus clouds; in towering cumulus 
clouds ; and in unstable air which is 
too dry to produce cumuliform clouds 
of great vertical extent. Moderate 
turbulence may also occur with up- 
per troughs, cold-core low pressure 
systems, fronts aloft, or in areas 
where the wind shear is at least 6 
knots per 1,000 feet vertically or 
10 knots per 100 miles horizontally. 

(c) Severe turbulence. Severe turbu- 
lence is usually encountered in the 
mountain wave as much as 60 miles 
to the lee of the mountains when 
the winds are perpendicular to the 
mountain range at speeds from 20 
to 50 knots at ridge level, and within 
mature thunderstorms. It may oc- 


casionally be encountered in jet 
streams or towering cumulus clouds. 

(d) Extreme turbulence. Extreme tur- 
bulence is the strongest form of con- 
vection. It is typically encountered 
in the roll cloud of the mountain 
wave when winds are perpendicular 
to the mountain range at speeds ex- 
ceeding 50 knots at ridge level, and 
with standing wave action or strong 
wind shear. It is frequently asso- 
ciated with growing thunderstorm 
cells where hail, heavy rainshowers, 
or heavy thunder is reported. 

(2) In-flight classification. Another meth- 
od of classifying turbulence is with 
regard to its effect on the aircraft in 
flight. This classification may be use- 
ful to the aviator in reporting turbu- 
lence and its effect on his particular 
aircraft. 

(а) Light turbulence. Light turbulence 
may require the use of seat belts. 
It produces a variation in airspeed 
from 5 to 16 knots. Loose objects 
in the aircraft remain at i*est during 
flight. 

(б) Moderate turbulence. Moderate 
turbulence requires the use of seat 
belts. Airspeed is affected, varying 
from 16 to 26 knots. Objects loose 
in the aircraft tend to slide or roll. 

(c) Severe turbulence. Severe turbu- 
lence causes the aviator to lose con- 
trol of the aircraft momentarily. 
The occupants are thrown violently 
against seat belts and the seat. 
Loose objects are tossed about the 
aircraft, and the airspeed is affected 
in excess of 26 knots. 

(d) Extreme turbulence. Extreme tur- 
bulence is relatively rare. The air- 
craft will be tossed about and control 
is practically impossible. Rapid 
fluctuation of the airspeed occurs 
in excess of 26 knots. Such turbu- 
lence may cause structural damage 
to aircraft. 

10~8. Flight Techniques 

In planning a flight into existing or expected 
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thunderstorm areas, the aviator should try to 
determine whether the thunderstorms will be 
sufficiently scattered to permit circumnaviga- 
tion, or will be sufficiently numerous to require 
flight through them. Radar weather reports 
are helpful in locating thunderstorm areas and 
in determining how numerous the storms are. 
The aviator should also check SIGMETS, PI- 
REPS, AIRMET’s, and SCAN reports (chap. 
11 and 16), for the latest information available 
on storm areas along his route. In consulting 
with the meteorologist, the aviator should 
learn the height of the freezing level as an aid 
in selecting the proper flight altitude to avoid 
maximum lightning and icing areas. When a 
radar scope is available at the weather station, 
the aviator should check the radar picture to 
orient to the location and intensity of the 
storms in the immediate area. The aviator 
must then decide if it is possible to circumnavi- 
gate the storms or to avoid them by over-the- 
top or under-the-base flight. If all routes to 
avoid the storm are closed, he must decide if 
the mission is important enough to warrant pe- 
netrating the storm clouds. 

a. Avoiding the Storm, 

(1) Circumnmigation. Circumnavigation 
presents no special flight problems. When cir- 
cumnavigation is possible (as in isolated air- 
mass storms), the aviator alters his course to 
go around the storm. Since most thunderstorms 
are less than 25 miles across, a slight detour to 
one side or the other adds negligible time and 
distance to the flight route. With a line of 
thunderstorms, circumnavigation by flying 
through “thin spots” between storm centers 
may be possible. Since another thunderstorm 
may lie at the end of the “thin spot,” however, 
the aviator ^should contact METRO on avail- 
able frequencies (para 16-7) for guidance in 
selecting the proper “thin spots” for penetra- 
tion. 

(2) Over-the-top fight, Over-the-top 
flight is normally impossible in present Army 
aircraft because of altitude and oxygen limita- 
tion. 

(3) Flying under the base. When circum- 


navigation is impossible, flight may be possible 
under the base of the storm if it lies over the 
sea or over flat open country. Plights should 
never be conducted under the storm in moun- 
tainous areas unless there is a definite ceiling 
with good visibility underneath. Storms in 
mountains customarily have their bases below 
and often around peaks. When flying under- 
neath storms, choose an altitude one-third of 
the distance between the ground and the base 
of the clouds and circumnavigate the heavy 
rain shower areas. Since the bases of storms 
usually average about 8,000 feet (except in 
mountainous regions), this altitude will prov- 
ide adequate terrain clearance and avoid the 
worst turbulence of the storm region. 

h. Penetration of Storm, When it is not pos- 
sible to avoid the storm, the aviator must de- 
cide if his mission is urgent enough to require 
penetration. Since directional changes place 
additional stress on the aircraft structure, the 
aviator should not attempt to turn back once 
the penetration is begun. The lower in the 
storm the penetration, the less the chance of 
encountering severe turbulence, hail, and 
structural icing; also, the less the chance of 
being struck by lightning. Adequate terrain 
clearance should be considered in the selection 
of a penetration level. The minimum penetra- 
tion altitude should be 4,000 feet above the 
highest terrain in the area. The pressure al- 
timeter in the aircraft indicates the approxi- 
mate altitude above sea level. A rule of thumb 
for the selection of a penetration level is — min- 
imum 4,000 feet of terrain clearance and indi- 
cated free air temperature of at least +5” 
centigrade. It should be remembered that free 
air temperature gages are often 1° to 8° in 
error. Most aircraft operator’s manuals recom- 
mend a penetration altitude of 6,000 feet above 
the terrain. Thunderstorm Project results 
show the best penetration altitude is 4,000 feet 
to 6,000 feet above the terrain. 

(1) Preparing for penetration. Since both 
direction and attitude of the flight are to be 
maintained by reference to the gyro instru- 
ments, they should be checked carefully before 
entering the storm. To guard againai 
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temporary blindness from bright flash- 
es of lightning, dark glasses should be 
worn and the cockpit lights should be 
turned on full. The aviator should turn 
off all radio equipment rendered useless 
by static, and use VHF or UHF fre- 
quencies which are not significantly 
affected by static. The carburetor mix- 
ture should be set FULL RICH, 

(2) Sfeed of flight. The faster a plane 
is flying when it strikes an updraft or 
downdraft, the greater the shock will 
be. The operator’s manual for the par- 
ticular aircraft gives the correct range 
of speed for penetration. If hail is 
encountered, the aviator should slow 
the aircraft to the minimum speed 
recommended for flights in severe tur- 
bulence. 

(3) Icing. Since ice formation in the pitot 
tube and carburetor is probable, heat 
should be applied to both. 

c. Flight Through Thunderstorm, 

Warning: Because of the potential hazards 
of thunderstorm flying, unnecessary penetra- 
iion of thunderstorms will be avoided. The ex- 
perience of airline pilots and others operating 
large aircraft has shown that it is possible to fly 
thunderstorms in reasonable safety IF crews 
are experienced in thunderstorm flying, IF suit- 
able aircraft are used, and IF the proper flight 
techniques are used. Much study has gone into 
developing techniques for thunderstorm flying, 
but not all aviators experienced in thunderstorm 


flying are in full agreement a.s to the best tech- 
niques. The rules that are generally accepted 
by experienced aviators and which appear to be 
substantiated by the Thunderstorm Project 
are — 

(1) Accomplish thunderstorm penetration 
at d,000 to 6,000 feet above the terrain 
.since this is the .softest altitude in 
most storms, 

(2) Fly at the airspeed or jK)wer setting 
recommended in the oporator’.s manual. 

(3) E.slablish aiv.s])eed and power .settings 
before entering the .storm, 

(4) Fly at constant aliitucle and power 
setting as far a.s i)ossiblc. Erratic 
reading of airspeed result from verti- 
cal drafts past the pitot tube and the 
clogging efi’ecLs of rain and ice. 

(5) Avoid all unnece.ssary maneuvering — 
to prevent adding maneuver loads to 
the loads already being iinj)o.sed by the 
turbulence. 

(6) Avoid iKse of the autojiilot. A consLini 
altitude device, the autopilot will dive 
the aircraft to compensate for an up- 
draft and climb it in a downdraft. If 
updrafts excessive airspecals may bo 
built up, and in downdrafts the air- 
speed may approach the stalling speed. 

(7) Hold a reasonably con.stunt hoa<ling 
through tile storm. Wandering will 
only prolong the flight and increase 
the dangers. 
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PART TWO 

WEATHER FACILITIES AND THEIR APPLICATIONS 

CHAPTER il 

TELETYPE SEQUENCE REPORTS 


I l-l. General 

Teletype circuits provide the most rapid 
iTieans of collecting’ and relaying existing 
iveather condition data over a wide area. They 
ire also useful for checking weather trends, for 
imending and verifying forecasts, and for sup- 
plementing other more infrequently reported 
:lata. The frequency of teletype sequence re- 
poi'ts makes them valuable tools for the aviator 
ind the forecaster. 

1 1-2. Reporting Agencies 

When an aviator is planning a flight, weather 
I'eports normally will be available from Weath- 
51* Bureau stations. Flight Service stations, and 
ill military installations with aircraft opera- 
:ions. The U.S. Weather Bureau is responsible 
for making weather observations. The Federal 
A.viation Agency (FA A) is responsible for 
transmitting these reports from civilian sta- 
Jons. The Air Weather Service (Air Force) is 
responsible for weather observations taken and 
:ransmitted by Air Force and Army installa- 
dons. The Naval Weather Service satisfies the 
veather requirements at naval air stations. To 
ibtain complete weather coverage, the various 
veather agencies in the Zone of Interior always 
exchange their reports and, during peacetime, 
.his exchange of weather data is international 
n scope. 

1 1-3. Teletype Circuits for Sequence Reports 

a. General. Teletype aviation weather se- 
quences are transmitted from hundreds of ob- 
servation points and relayed to other weather 
stations ovei’ a network of numbered teletype 
jirciiits (called teletype service A). These cir- 


cuits are established on a geographical basis 
and are used to collect the weather reports for 
designated geographical areas. There are ap- 
proximately 23 circuits in the United States 
with an average of 25 stations in each circuit 
area. The FAA operates the majority of the 
circuits. The FAA and Weather Bureau trans- 
mit and receive reports on the FAA circuits. 
The military services use the remaining circuits 
for transmitting and receiving the Air Force, 
Army, and Navy reports. FAA and military 
circuits are frequently housed in the same 
weather station; the teletypewriters operate at 
approximately JOO words per minute and only 
a few minutes are required to collect all the ro- 
poiTs from any one circuit (the prhnarif collec- 
When a station transmits a report, all 
other stations on the circuit receive the infor- 
mation simultaneously. Each FAA circuit has 
a monitoring station which has teletype com- 
munications with other circuits and special 
forecast centers. Wlien the local circuit has 
completed its scheduled primary collection, the 
monitoring station then relays reports from 
other circuits (FAA and military) through the 
local network to provide the local station with 
all the reports necessary for its operation. 

h. Circuit Headings. The circuit headings 
enable the aviator to locate the reports needed 
for a particular flight. 

(1) SAUS S KWRF 150S00Z. The SAUS 
is a heading used for military reports. 
The 5 is the circuit number. A map of 
the United States showing the location 
of each circuit < (A), fig. il-i) is on 
display in each weather station. 
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The reports are collected for each cir- 
cuit and displayed on individual clip- 
boards numbered to correspond to the 
circuit areas. The KWRf is the iden- 
tifier for the consolidated weather re- 
lay center at Tinker AFB, Oklahoma. 
This center programs the Air Force, 
Army, and Navy reports into appro- 
priate circuits for transmission 
throughout the United States. The 
150300 is the date-time group. The 
first two digits (15) indicate the day 
of the month, and the next four digits 
(0300) indicate the time on the 24- 
hour clock. The Z indicates the date- 
time group is in .^ulu (GOT) time. 
(See fig. 11-2 for an example of se- 
Quences extracted from the military 
primary collection.) 

Note, Convert Zulu (Greenwich) time to 
local standard time by subtracting 5 houi’S 
for eastei'n standard time (Z — 5 = EST), 

6 hours for central standard time (Z — 6 = 
CST), 7 hours for mountain standard time 
(Z ” 7 = MST), and 8 hours for pacific 
standard time (Z - 8 = PST). 

(2) 028 SA28im00. The 028 is the cir- 
cuit number identifying the geograph- 
ical area from which the subsequent 
sequence reports were transmitted 
( (B) fig. 11-1) . The SA is a heading 
used by Weather Bureau and Flight 
Service (FAA) stations. The 28 is a 
repeat of the circuit number, and the 
1^2000 is the date-time (Zulu) group 
(fig. 11-3) . 

1 1*-4. Types of Reports 

The aviator should be familiar with the two 
normal types of teletype sequence reports. 

a. Record {Hourly) . Record reports are 
transmitted under the headings of SAVS and 
jSA every hour on the hour and are frequently 
referred to as hourly reports. All of the weaih- 
elements and specified remarks are trans- 
mitted in the record reports (figs. 11-2 and 
11-3) as required by Circular N, Manual of 
Surface Observations. 

/ Changes and Notices to Ai'i'men 

{SCAN) . Between the scheduled hourly reports 

JI-2 


(a above), the FAA monitoring stations and 
the Air Force weather relay center (KWRF) 
scan the I’eporting stations on the various cir- 
cuits to obtain reports of significant weather 
changes and notices to airmen (NOT AM’s, para 
ll-i4c). 

(1) Assuming that JO percent of the sta- 
tions on a circuit have a significant 
change to report, the KWRF scanning 
net is able to complete a scanning cycle 
in less than 3 minutes. Each station 
on the eight military circuits thereby 
has an opportunity to report signifi- 
cant weather changes every 3 minutes. 
The FAA variable scanning system 
requires ap])roximately 5 minutes to 
complete a scanning cycle. Scans are 
scheduled for transmission at 15, 30, 
and 45 minutes past each hour. Thus 
the SCAN’s pi’ovide the aviator with 
the most current weatlier information 
available for flight planning. 

(2) The SCAN reports (fig.s, li-4 and 1 1- 
5) include the time of observation, sky 
condition, visibility, present weather, 
obsti’iictions to vision, wind, and ap- 
l)roi)rialo remarks. The altimeter 
setting is often reiiorled after the 
wind speed value. 

(3) T'he criteria for judging a significant 
weather change are contained in Cir- 
cular N, Manual of Surface Observa- 
lions. Some illustrations of these 
criteria follow. 

{(t) Ceiling decreases or increases by 
specified values. 

{b ) Clouds not previously reported form 
with ba.sos below 1,000 feet, or be- 
low the Jiighost instrument mini- 
mum for tlio paiTicular aiiTiekl, 

(e) Visibility values decrease or in- 
c]‘eaHe to specified distances. 

{d) A tornado is observed or disappears, 
(c) A thundcrsloi’m begins, increases in 
intensity, or decreases. 

(/) Hazardous precipitation begins or 
ends. 

io) Precipitation, other than very light, 
begins. 
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(h) Wind shifts or increases abruptly 
to exceed 26 knots. 

(z) Any meteorological situation oc- 
curs that the observer believes is important to 
the safety or efficiency of aircraft operations. 

(4) Many of the SCAN reports and some 
of the hourly reports are logged in the weather 
stations as “special” observations. When these 
specials are transmitted the Weather Bureau 
station identifier in the report may be followed 
by an S. 

11-5. Station Identifiers 

At the prescribed time for reporting, the moni- 
toring station transmits the circuit heading 
and the stations report in a uniform sequence 
under the heading. Bach station in the United 
States and in Mexico is identified by three let- 
ters ; in Canada, by two letters. The identifiers 
for any station are available in the weather 
station (usually on clipboards). They are the 
same as the identifiers used in navigation pub- 
lications. 

11-6. Sky Condition and Ceiling 

a. Sky Condition. The sky condition is trans- 
mitted after the station identifier. Standard- 
ized symbols (fig, 11-6) indicate the amount of 
sky covered by clouds or the amount obscured 
by surface-based phenomena. 

(1) Heights \oith symbols. Sequence re- 
ports contain the height of the base of each 
cloud layer that is indicated by a sky condition 
symbol. The cloud layers are encoded in as- 
cending order. When the bases of the cloud 
layers are below 20,000 feet, the base height of 
each layer is reported in hundreds of feet 
above the surface. The base height precedes the 
appropriate sky condition symbol. Cirriform 
cloud heights are reported if the cloud base has 
been determined accurately. If no accurate 
measurement of the cloud base has been made, 


there are two methods for indicating the pr 
ence of high clouds — First, when the hi 
clouds do not constitute a ceiling, the sky C' 
dition symbol is preceded by a slash (/) ; s 
ond, when the high clouds constitute a ceili 
the sky condition symbol is preceded by a 
Various encoded sky conditions and interpre 
tions are shown in figure 11-7. 

(2) Amount of sky cover. The sky cover) 
is accumulative in the sequence reports; i 
each sky coverage symbol (fig. 11-6) rep 
sents the total coverage at and belo'W the 
ported cloud deck. (Only those clouds visi 
from the surface can be reported.) The amo 
of sky cover designated by successive syml 
at a station will either remain the same 
show an increase in ascending layers. ' 
amount of sky coverage will never decre 
vertically; i.e„ a report may appear 
12CD26(P 66-(n)/-©, but never 
12-^250)550). 

(3) Obscuration (X) <md obsci 

tmi (“X), When obscuring phenomena s 
as fog, haze, smoke, dust, and the sev 
forms of precipitation exist at the surface, 
sky may be either totally or partially obscu 

(a) An obscuration (X) is repo] 
when more than 9/10 of the sky is hidden 
surface-based obscuring weather phenom 
In this situation, the limit of the obser\ 
vertical visibility over the point of observa 
is reported as the ceiling height, The obsc 
tion may be reported as OX, 2X, lOX, etc. 
terpreted as ceiling zero, sky obscured; ce 
200 feet, sky obscured; ceiling 1,000 feet, 
obscured) . Thus the altitude indicated wit 
obscuration is the vertical visibility into 
obscuration, not the height to the base oi 
obscuration. 

(b) When the sky is only partiallj 
scured by surface-based weather '^phenoi 
(0,1 through 0,9 of the sky obscured), a pt 
obscuration (-X) is reported. Since pj 
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PQG 

RME 

CEF 

NIIZ 

UZ 

BGR 

PSM 

NZU 

BED 

NCO 

NSC 

MDT 

WRI 

DOV 

ADM 

HEL 

NYO 

SHF 

FW! 

FDK 

NtIK 

PME 

BOF 

DM 


Plattsburgh, N. Y. 

Rome, N. V. 

Chicopee Falls, Mass, 
Brunswick, He. 

Limestone, He. 

Bnngor, He. 

Portsmouth, N. H. 

South Weymouth, Mass. 

Bedford, Haas , 

Quonaet Point, R. 1. 

New York, N. Y. 

Middletown, Pa, 

Fort Dlx, H. J. 

Dover, Del, 

Andrews AFB, Hd> 

Lekeburst, N. J> 

Quantlco, Va. 

Stewart AFB, N, V, 

Falmouth, Hass. 

Suffolk County AFB, N. Y, 
Patuxent River, Hd. 

Fort Meade, Md. 

Bolling APB, Washington, D. C. 
Davison AAF, Va. 


i 6 / 24 /JiM 8 /( 3 i 6 /C|G RGD 

M 32®7 35/29/0000/039 


RME 


CEF E 50 S 110 33 / 13 / 2106/038 
NH 2 E? 01>12 277/31/18/0000/034 
LIZ 015 11 / 9 / 0000 / 01 5 /SC E LSR 1 & 

BGR E 5’9512 30/1 6/2604/02 7 /OCHL S 1 V-- 


BED M30BI5 3 ? 7 i 1 / 26067039 /THN SPOTS I NOVO 

NCO 01 5 29673 6/1 2/3006/039 

NSC 012 30V39/26/2310 

MDT 020+ 32/1 8 / 0000/047 

WRI 07 32/18/2102/046 

DOV /-<D 10 36/17/0000/047 

ADW 120 -CD 10 36/21/1503/044 

NEL 015 316/34/19/2403 

NYQ 012 311/29/22/3103 

SWF 015 30 / 14 / 2606 / 040 /MAG 27 

FMH 4 j 2 a>l 5 38 / 18/31 07 / 040 /UAQ 32 

FOK 010 3 8/21/26 08 / 044 E 

NHK 010 317/39/14/2204/046 

FME 07 24/16/0000/044 

BOF /*<D 15 : 40/16/1504/045 

DAA / 4 D 10 28/19/0000/046 





Figuyo ll~2. Military hourly aeQuenees, 


obscurations do not restrict the vor- 
tical visibility over the point of ob- 
servation, any cloud layers observed 
above the partial obscuration are 
reported after the —X. The heights 
of the cloud bases and ceiling, if 
any, are reported, but the —X is not 
preceded by an altitude figure. 

( 0 ) Weather conditions producing par- 
tial and total obscurations are based 
on the surface and restrict the 
horizontal visibility, whereas cloud 
layers (0, (H), and 0) have definite 
bases above 60 feet and do not di- 
rectly affect the horizontal surface 
visibility. 

b. Ceiling. The ceiling is the lowest condi- 
tion reported as (H), 0, or X that is not prefixed 


by a minus ( — ) . A thin cloud layer or a par- 
tial obscuration is never a ceiling. When a 
ceiling is reported in sequence reports, the 
method by which the ceiling was determined 
or classified must precede the height of the sym- 
bol (db, 0, X) which appears as the ceiling 
layer. The letters u,sed as ceiling classifiers 
arc .shown in figure 11-8. 

I 1-7. Visibility 

The visibility is reported in statute miles 
after the sky condition (no space separation). 
The visibility denotes the greatest horizontal 
distance that an object of specified characteris- 
tics can be seen and identified. When restricted 
or irregular, the visibility may be reported by 
one or more of the following refinements. 

ft. Prevailing Visibility. The prevailing visi- 
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TexarV^na, ArF 

T'f 

ELD 

E; Daralo, ArV. 

rE- 

Fir- Bluff, Ark 


Gre.;r-<JuJ, HIbb. 

TCL 

Tuscilaasa, Ala 

EI.H 

Eirralnghif, Ala. 


^^nlscon, Ala 

n? 

Tyler, Tex. 

i'r 

lafVln, T«x, 

OCr, 

LcrgvUJ. Te< 


ihre.efart, La. 

HLU 

Jimroe, La. 

J*-*) 

JacksTi, Hiss. 

K?I 

Jlarldlar., Miss. 


K:;nt 2 a=sry, Ala. 

tiF 

Ale/aOdrla, La, 


{Esler Field) 

HTB 

W:Cart>, Hiss. 

EFR 

Baton Rouge, La. 


pJthjn, Ala, 

CLS 

Galveston, Tex. 

6?T 

Beauront, Tex. 

LCri 

Lake Cbsriea, La* 

LFT 

Lafajatte, La, 

tiErf 

Jlew Of leans, La. 

H.,Y 

Rev Orleans , La. 


Ofalsant) 

E'FJ 

Burri.ooJ, La. 

F.Sa 

Pensacola, Fla. 

CiV 

Crestvlcv, Fla. 

MD3 

Mobile, Ala. 
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028 SA28240500 , X , „ 

TXK E79®15 26fAy23/l 106/028 
ELD E100U12 260/4-1/30/1 205/028 
P0 F 01 5 269/33/28/0000/03 1 ^ ^ „ 

BHM M32®1 5 286/47/31 /0?06/037 
AN0 M44®10 29^42/35/0612/039 
TYR EI20IDI5 46/23/0000/023tTYR'!*1 1/1 5AQ ^ 

LFK EI20IDI5 246/47/33/0000/024-»LFK^1 I/26UR 
QGQ 01 5 44/29/0000/027 
SHV E1001M5+ 262/44/26/1305/029 , 

MLU /a)i5 257/40735/0000/0a«-^LU'^9/4UR 
JAN M10®12 268749/37/0000/031-»JAN^.10/6 xx 
ME! M13©7 278/48/39/0000/034 
MQM M10®13®27©4R-F 289/42/3 8/06 09/03 7/R 
ESF E100®15 252/38/36/0000/027 
MCfl M8©12 2 56/50/44/0605/028->MCB^i10/l0UR 
BTR -«TR^'1 1/7XX 1 1/9UH 

DHN S M13©4R—F 279/47/44/0708/034-*DHN'i<10/71R 11/igAP 
GLS E120®12 2 54/54/40/0103/027/R13VV9.+/-*QLS^-11/5 QAXES 
GLS 11/6 GLS RBN 317FT TWR LCTD 4,3 NM NW SCHOLES 
FLD QIOES 

BPT E120®8 243/47/42/0403/024 
LCH I8iei30®10 251/48/43/0405/026 
LFT 07 247/49/45/0104/025/ FEW AC SE-S 
BTR 150-^15 251/45/4V0304/026/ NOTAM FLWS MOD 
NEW 

MSY M9<fl)25©10 249/52/49/0706/026/ CIG RGD RB05E20-»VSYV II/I5XX 
1 1/28XX 

BRd M8®10R— 238/62/62/3610/022 

PNS 

CEff E4«3F 266/49/49/0608/0 3 l-JCEtti-l 1/1 0U A 11/130A 

u 


td MBSS 10 H— 230 / 62 / 02 / 3010/022 

IS S N! 4 D 16 ® 6 RW--F 257/55/50/0307012/028 

ff E4«3F 266 / 49 / 49 / 0608 / 0 3 l-JCEttl-l 1 / 1 0 U A 11 /r 

t i ’ ’ I ■' ■ ; 



Figure 11~S, Weather Bureau and FAA hourly sequencer. 


bility is the greatest visibility that exists over 
half or more than half of the horizon. When 
the visibility varies in different quadrants from 
the point of observation, the prevailing visi- 
bility is reported. Variations from the re- 
ported prevailing visibility value are included 
at the end of the report {remarks section). 
The visibility may be variable at a station; if 
the prevailing visibility is varying between re- 
portable values (b below) and less than 3 miles, 
the reported visibility value is followed bv the 
letter V. 

b. Reportable Values. When the visibility is 
less than 3 miles, it is reported in miles and 
fi actions of a mile. When the visibility is be- 
tw'een 3 and 15 miles, it is reported to the near- 
est mile. ^ When the visibility is in excess of 15 
miles, it is reported to the nearest 6 miles. At 

li-i 


most stations, there are no visibility check- 
points beyond 15 miles. These stations report 
‘TB+” when the visibility markers at 15 miles 
are markedly clear, indicating that the visi- 
bility is greater than 15 miles, 

c. Runway Visual Range (RVR) and Run- 
way Visibility {RVV). Although the visibility 
or prevailing visibility will normally determine 
the type of flight plan to file, an aviator landing 
at a terminal under insti’umeni conditions will 
find the rumoay visual range (RVR) to be the 
most reliable guide to visibility along the se- 
lected runway, RVR is the horizontal distance 
an aviator will see down the )*unway from the 
approach end. It is based upon the sighting of 
high intensity runway lights or upon the visual 
contrast of other sighting targets — ^whichever 
yields the greater visual range, The runway 
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Grent Falls, Hant, 
ClasBOW, Mont, 

Grand Folks, llont . 

Volk Field, Wia. 

Hlnot AFB, N, Dak. 

Of flit t AFB, Nabr. 
Lincoln, Nebr, 
Schilling AFB, Kans. 
Fort Riley, Kans, 
Topeka, Kona, 

Grandview, Mo, 

Wichita, Kana. 

Enid, Okla. 

Lowry APB, Colo. 

Buckley ANG Base, Colo, 
Rapid City, S, Dak, 

Fort Leavenworth, Kans, 
Olathe, Kans. 

Wliltemnn AFB, Mo. 


SAU8 2 KWRF 240405Z 

GFA E90ID120S25 44/24/2209/994 

f “EfOSITIm BI«E LSRJ0P 

VOK 07 3I/2W0I/016 ^ 

Vff LSRi 9 /n' 


OFF /-(O10 36/28/1902/014 
LNK /(D19 33/27/1 804^1 3 

FBI *«»' 

TOE 40-<IRJ®12 40/28/2011/018 

END /®20 38/29/1409/017 
nSc 2§/21/2108/023/KOCTY 

BKF /®15+ 27^1/1707/022 
RCA 015+ 34/22/2805/01 2/kOCTY 
FLV E10g©10 4^27/1504/020 


FLV E10g©10 4^27/1504/020 
NUU /-®20 2 34/42/30/2106 
SZL I20D15 36/24/1603/024 



Figure 11-4. Military 8can7img. 





visual range is determined by an instrument 
called the transmissometer. The transmis- 
someter is mounted beside the instrumented 
runway near the touchdown point. Riimuay 
visibility (RVV) is closely related to the RVR; 
however, the high -intensity runway lights are 
not used in RVV. The RVR has a slight ad- 
vantage over the RVV in that the high-intensity 
lights can often be seen on the approach path 
even though the actual runway is not visible. 
Under IFR conditions, the RVR provides an 
improved visibility condition along the runway 
for aircraft with proper instrumentation. The 
RVR and RVV systems are planned for all fully 
instrumented runways in the United States. 
The RVR and RVV are reported in the remarks 
section of the report when the RVR is 6,000 
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feet or less, or the RVV is 2 miles or less. 
The RVR is given in hundreds of feet, while the 
RVV is given in fractions of a mile. Generally, 
only RVV is available from instrumented Army 
airfields. 

(1) Examples of r epor tin g RVR. 
R28VRS8 indicates that on runway 
28 the visual range is 3,800 feet. 
R23VR30V indicates that on runway 
23 the visual range is 3,000 feet and 
variable, 

(2) Examples of reporting RVV. 
R06VV7/8 indicates that the runway 
visibility on 06 is seven-eighths of a 
mile. R36VV5/8V1 indicates that the 
runway visibility on 36 is varying be- 
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TXK Texarl'ana, Ark. 
EU) El Dorado, Ark. 
PBF Pine Bluff, Ark, 
GRW Greenwood, Miss. 
TCL Tuscaloosa, Ala. 
E(W Blralnghao, Ala. 
AHB Anniston, Ala. 
TYR Tyler, Tex. 

LFK Lufkin, Tex. 

GGG Longview, Tex. 
SHV Shreveport, La, 
HLU Monroe, La, 

JAH Jackson, Hiss. 
KBI Meridian, Mies. 
MCiH Montgomery, Ala. 
ESF Alexandria, La. 

(Esler Field) 
HCB McComb, Hiss. 

StIK Dothan, Ala. 

BPT Beaimont, Tex. 

LCH Lake Charles, La, 
LFT Lafayette, La. 

BIR Baton Rouge, La. 
HEW Hew Orleans, La. 
FNS Pensacola, Fla, 



TXK 

PBF 0310 i 6 ®M 7 eo >7 0510/99^ 


0310 M25®5(S515 0909/99? 


GRW 
TCL 
8HM 
ANB 
TYR 
LFK 

SHV 0305 M2^ 0400/990 
ULU 
JAN 
ME I 
MQM 
ESF 
MC6 
DHN 
BPT 
LCH 
LFT 
BTR 


0R10 M4®11/2RW-F 2710/000/R24VV2 APRNT FROPA 2100C 

030? WIXVBTRWF 0000/^00/R17VV3/8 T OVHD MOVQ NE OCNL LTQIC 


0313 M13®?QF 141 1 / 992 /C IQ ROD 


NEW 

PNS 






Figure 11-5, Weather Bureau scanning. 


tween five-eighths of a mile and 1 
mile. 

1 1-8, Weather and Obstructions to Vision 

Weather phenomena and obstructions to vi- 
sion are reported by the use of letter symbols 
after the reported visibility. 

a. Weather Elements. Atmospheric phe- 
nomena considered as weather elements in a 
report are tornadoes, waterspouts, funnel 
clouds, thunderstorms, and precipitation in any 
form. The letters used for reporting weather 
elements are shown in figure 11-9. These let- 
ters are used whenever the phenomena are oc- 
curring at observation time, regardless of their 
affect on visibility and ceiling. 

b. Ohstimctions to Vision. Obstructions to 
vision are not reported when the visibility is 

il-8 


more thcan 6 miles. When the visibility is re- 
ported as 6 miles or less, weather phenomena 
or obstructions to vision (or both) must be re- 
ported to explain the restricted visibility. The 
letters used for reporting obstructions to vision 
are given in figure 11-10. 


1 1-9. Sea Level Pressure in Millibars 


Sea level pressure is reported in three figures 
representing tens, units, and tenths of millibars. 
To interpret the value, one decimal place is 
pointed off and the reported figures are pre- 
ceded with 9 or 10, whichever will make the 



906=990,6 mbs; and 999=999.9 mbs. The 
SAUS circuits transmit the pressure in milli- 
bars every 3 hours beginning at OOOOZ. The 
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SYMBOL 

NAME 

AMOUNT COVERED OR OBSCURED 

o 

CLEAR 

LESS than .1 COVERED 

<D 

SCATTERED 

,1 THRU ,5 COVERED 

OP 

BROKEN 

.6 THRU .9 COVERED 

e 

OVERCAST 

OVER .9 COVERED 

«x 

PARTIAL OBSCURATION .1 THRU .9 OBSCURED)SURFACED 

) BASED 

X 

SKY OBSCURED 

OVER *9 OBSCURED ) 

A MINUS (• 

>) SIGN PRECEDING 

A SYMBOL ((D. <Bi, OR INDICATES 

(+) SIGN INDICATES THE LAYER IS 

THE layer 
UNUSUALLY 

IS THIN. A PLUS 
DARK. 


'i^Pigure 11-0. (Superseded) Sky condition aymbola. 


REPORTED AS 

INTERPRETED 

20D 

TWO THOUSAND SCATTERED 

5-00 

FIVE HUNDRED THIN BROKEN 

120-© 

TWELVE THOUSAND THIN OVERCAST 

/® 

CIRRI FORM OVERCAST (NOT A CEILING), HEIGHT UNKNOWN 

5®1 0-® 

FIVE HUNDRED SCATTERED, ONE THOUSAND THIN OVERCAST 


■^Figure 11—7. (Superseded) Encoded sky oonditione and hiterpretations. 
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CEILING CLASSIFIERS 


A AIRCRAFT (PILOT REPORT) 

B BALLOON (WITH KNOWN RATE OF ASCENT) 

£ ESTIMATED (NOT USED FOR CIRRI FORM LAYERS) 

M MEASURED (NORMALLY WITH A CEILOMETER) 

W INDEFINITE (USED WITH OBSCURED CONDITIONS) 

R RADAR OR RADIOSONDE 

D ESTIMATED (USED WITH PERSISTENT CIRRIFORM LAYERS ONLY., AND MUST 

HAVE BEEN ACCURATELY MEASURED WITHIN THE PAST SIX HOURS) 

U UNKNOWN CEILING HEIGHT USED WITH CIRRIFORM LAYERS 


CODE FORM 


INTERPRETATION 


20CDM50ID TWO THOUSAND SCATTERED, MEASURED CEILING 

FIVE THOUSAND BROKEN 


-XA8© SKY PARTIALLY OBSCURED, PILOT REPORTS 

CEILING EIGHT HUNDRED OVERCAST 

W5X INDEFINITE CEILING FIVE HUNDRED, SKY 

OBSCURED 


28®50-®A25C®> two thousand eight HUNDRED SCATTERED, FIVE 

THOUSAND THIN BROKEN, PILOT REPORTS TWO 
FIVE THOUSAND BROKEN 

4001 00®/-® four THOUSAND SCATTERED, ONE ZERO THOUSAND 

SCATTERED, THIN BROKEN CIRRiEORM (NO CEILING) 


Figure 11-8. (Superseded) Ceilhig olasslficrs and examines of their use. 


t'ircuitj} incluclG pressure data, in each hourly 
t ruusmissioii. 

1 1—10. Temperature 

The I nited States weather services report the 
isiu-face temperature in sequence reports to the near- 
est whole Fahrenheit degree. Most other coun- 
tries report tlie temperature in degrees centigrade. 
A minus sign preceding the temperature hgure 
tiidicates that the temperature is below zero. 


11-11, Dew Point Temperature 

The dew point temperature is reported in de- 
grees Fahrenheit. The teletype sequence ro- 
jDorts contain tlie latCvSt data aA^ailable ior de- 
termining the temperature-dew point spread 
and the tendency for the spread to decrease 
or increase. The rate at which the temperature- 
dew point sjjread ivill change is affected by the 
sky condition, precipitation, wind speed, acl- 
vection of moist air (source and trajectory of 
wind), diurnal heating, nocturnal cooling. The 


I 1-10 




C I, TM 1-300 


A 

HAIL 

s 

SNOW 

AP 

SMALL HAIL 

SG 

SNOW GRAINS 

E 

SLEET 

SP 

SNOW PELLETS 

EW 

SLEET SHOWERS 

sw 

SNOW SHOWER 

1C 

ICE CRYSTALS 

T 

THUNDERSTORM 

L 

DRIZZLE 

T+ 

HEAVY THUNDERSTORM 

R 

RAIN 

T- 

NEVER REPORTED 

RW 

RAIN SHOWERS 

ZL 

FREEZING DRIZZLE 


ZR FREEZING RAIN 

INTENSITIES INDICATED AS F0LL0WS(EXCEPT T, A, AND AP): 

— VERY LIGHT NO SIGN IS USED WITH MODERATE 

- LIGHT + HEAVY 

INTENSITIES ARE NOT USED WITH TORNADO, WATERSPOUT, OR 
FUNNEL CLOUD. THESE ARE WRITTEN OUT IN FULL. 


Figure 11-9. Symbols for weather elements. 


spread tendency during the past few hours can 
be interpreted from preceding reports (para 
2-126). 

1 1-12. Wind 

The surface wind velocity (direction and 
speed) is reported in degrees and knots by four 
numerals. The first two numerals indicate the 
direction (to the nearest 10®) with reference 
to true north (36); the second two numerals 


indicate the wind speed to the nearest knot. 
For example, 0406 indicates a surface wind 
from 040® (northeast) at 5 knots; 0915 indi- 
cates 090® at 15 knots; 1803 indicates 180“ at 
3 knots, etc. Table VII in appendix II shows 
the relationship betv^een degrees and the 16 
compass points. 

a. Calm winds are reported as 0000. 

b. Gusts are sudden, intermittent increases 
in wind speed. If gusty conditions are rc- 
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F 

FOG 

IF 

ICE FOG 


GF 

GROUND FOG 

H 

HAZE 


BS 

BLOWING SNOW 

K 

SMOKE 


BN 

BLOWING SAND 

D 

DUST 


BD 

BLOWING DUST 

BY 

BLOWING 

SPRAY 

INTENSITIES (+ OR -) ARE NOT INDICA- 
TED WITH OBSTRUCTIONS TO VISIBILITY 


Figure 11-10, Symbols for obstructiom to vision. 


ported, a G follows the average wind speed, 
with the peak speed recorded following the G. 
For example, 15G25 indicates that the 1-min- 
ute average wind speed is 16 knots with gusts 
to a peak speed of 25 knots as of the time of the 
observation. 

c. Squalls are strong winds that increase 
abruptly in speed, maintain a specified peak 
speed over a period of 2 or more minutes, then 
decrease in speed. In reporting squalls, Q is 
used instead of G. For example, 20Q36. 

d. Wind shifts are reported in the remarks 
section of the sequence report, with the local 
time of the shift; i.e., WSHPT 1200C. 


11—13. Altimeter Setting 

TArThe altimeter setting is derived from 10 feet 
above mean sea level. It is represented (re- 
ported) by a three-digit group, without a deci- 
mal point, for units, tenths, and hundreths of 
inches of mercury. For example, 003 = 30.03 
inches Hg; 987 = 29.87 inches Hg, A complete 
discussion of the altimeter setting system is 
contained in TM 1-216. 


11-14. Remarks 

a. General The remarks section of the r 
port is transmitted after the altimeter settir 
(at manned stations). The remarks are ai 
pended to the report to give the aviator an 
meterologist detailed information for fligl 
P anning. Some of the remarks are reported i 

mnLTr ° « standardize 

contractions of words and phrases. In soir 


cases, the remarks are more valuable than the 
body of the report. Selected remarks in com- 
mon usage are shown in figure 11-11. 

6. Pilot Reports (PIREPS), Army aviators 
are encouraged to report in-flight weather con- 
ditions that will assist other aviators in plan- 
ning their flights. The reports are especially 
significant when the aviator encounters haz- 
ardous conditions or weather that has not been 
forecast. They help to fill the distance gap be- 
tween the weather stations, and enable the 
forecaster to brief aviators on actual, observed 
flight conditions. The aviator reporting meteo- 
rological phenomena should give the time of 
the observation, location of the aircraft with 
reference to a well-known point, extent (in- 
tensity) of the reported phenomena at the time 
of the observation, and the altitude of the re- 
ported phenomena (if applicable). When re- 
porting icing or turbulence intensities, the type 
aircraft should also be reported. PIKEPS may 
appear in the remarks section of teletype se- 
quence reports or on a separate transmission 
(fig. 11-12). 

c. NOT AM’s (Notices to Airmen) . NOTAM’s 
present information about runway conditions, 
radio or navigation facilities, or other impor- 
tant terminal facilities. The NOTAM's may be 
in the remarks section of the sequence report 
or may be transmitted separately. The NOT- 
AM’s processed through flight control pro- 
grammers (computers) are preceded by coded 
arrows. A standard international code is gen- 
erally used; however, the NOTAM’s are often 
supplemented by words or contractions. The 
NOTAM code consists of five letters, the first 
of which is a Q identifier. The second and third 
letters identify the subject of NOTAM, and 
the fourth and fifth letters give the informa- 
tion concerning the subject. The code key is 
available in navigation publications, airfield 
operations offices, and weather stations. Typical 
NOTAM’s are shown in figure 11-13, 

★l 1-1 5. Meteorological Terminal Aviation 
Reports (METAR) 

METAR is an observation code (fig. 11-14) 
transmitted by all Air Force Air Weather Ser- 
vice units outside continental North America. 
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T OVR STN MOVG E (THUNDERSTORM OVER STATION MOVING EAST) 

rbi8 (rain began at i8 minutes past the hour prior to the time 

INDICATED IN THE CIRCUIT HEADING) 

ZRE56 (FREEZING RAIN ENDED % MINUTES PAST THE PREVIOUS HOUR) 

IR (ICE ON RUNWAY, FOLLOWED BY DECELEROMETER VALUE) 

WR (WET RUNWAY, FOLLOWED BY DECELEROMETER VALUE) 

BINOVC (BREAKS IN THE OVERCAST) 

SC W (LESS THAN 1/10 STRATOCUMULUS WEST OF STATION) 

CB ALQDS (CUMULONIMBUS ALL QUADRANTS) 

FROPA (FRONTAL PASSAGE) 

CIG RGD (CEILING RAGGED) 

LN SC N-E HRZN (LINE OF STRATOCUMULUS ON THE HORIZON NORTH 
THROUGH EAST) 

PRESFR (PRESSURE FALLING RAPIDLY) i 

PRESRR (PRESSURE RISING RAPIDLY) 

THN SPOTS IN OVC (THIN SPOTS IN OVERCAST) 

R13VR40V (RUNWAY 13 VISUAL RANGE 4,000 FEET, VARIABLE) 

SHLW GF ALQDS (SHALLOW GROUND FOG ALL QUADRANTS) 

MTN TOPS OBSCD (MOUNTAIN TOPS OBSCURED) 

CIG 3V5 (CEILING 300 FEET VARIABLE TO 500 FEET) 

OCNL L— (OCCASIONAL VERY LIGHT DRIZZLE) 

F INCH (FOG INCREASING) 

, ©V® (OVERCAST VARIABLE TO BROKEN) 

VSBY S-W 3/4 (VISIBILITY SOUTH THROUGH WEST THREE-FOURTHS OF A MILE) 

. R32VV3/8 (RUNWAY VISIBILITY ON RUNWAY 32 IS THREE-E I GHTHS OF A MILE) 

, LTGIC (LIGHTNING IN CLOUD) 

. LTGICCG (LIGHTNING IN CLOUD AND CLOUD TO GROUND) 

, DRK W (DARK TO THE WEST - DENSE CLOUDS) 

, RVRNO (RUNWAY VISUAL RANGE NOT OPERATING) 

, WND LGT VRBL (WIND LIGHT AND VARIABLE) 

, F3 (FOG OBSCURING 3/10 OF THE SKY) 

, DRFTG S NW (DRIFTING SNOW TO THE NORTHWEST) 

» 55©65 (PILOT REPORTS BASE OF OVERCAST AT 5j500 FEET WITH TOP OF 
OVERCAST AT 6,500 FEET) 

, T OVHD (THUNDER OVERHEAD) 

, TCU NE-SE~S RWU S (TOWERING CUMULUS NORTHEAST, SOUTHEAST, AND SOUTH j 
RA INSHOWERS OF UNKNOWN INTENSITY SOUTH OF THE STATION) 

,’DSNT LTNG NE-SE (DISTANT LIGHTNING NORTHEAST THROUGH SOUTHEAST) 

, LGT TO MDT CAT (LIGHT TO MODERATE CLEAR AIR TURBULENCE) 

. BRAM15 (BRAKING ACTION MODERATE - DECELEROMETER VALUE 1 5. 
DECELEROMETER VALUES RANGE FROM IDEAL (0) TO POOR (30)) 

• BRAP28 (BRAKING ACTION POOR - DECELEROMETER VALUE 28) 


Figure 11-11. Remarks. 
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1 . BIF PIRFP 142300Z ABI-BIF 350 WND 260/1 72K LGT TURBC T-33. 

PILOT REPORTED TO BIGGS AFB (BIF) ON THE 14TH DAY OF THE MONTH 
AT 2300Z THE WIND AT 35,000 FEET WAS 260° AT 172 KNOTS BETWEEN 
BIGGS AND ABILENE (ABl). LIGHT TURBULENCE WAS ALSO ENCOUNTERED. 
THE PILOT WAS FLYING A T-33 AIRCRAFT. 

2. PIA PIREP 150138 Z PIA-SBN MDT ICG RAIN AND SNW STICKING 40-^0 LGT 
ICG 70 DC3* 

PILOT REPORTED TO PEORIA (PIA) AT 01 38Z ON THE 1 DAY OF THE 
MONTH THAT HE WAS ENCOUNTERING MODERATE ICING IN RAIN AND STICK- 
ING SNOW BETWEEN 4,000 AND 5,000 FEET WITH LIGHT ICING AT 7,000 
FEET ON A FLIGHT BETWEEN PEORIA AND SOUTH BEND (SBN), TYPE OF 
AIRCRAFT, DC-3* 

3. BWG PIREP 150225 Z BNA-BWG XTREM TURBC 30 Cl 82. 

PILOT REPORTED TO BOWLING GREEN (BWG) THAT EXTREME TURBULENCE 
WAS ENCOUNTERED AT 3,000 FEET BETWEEN NASHVILLE (BNA) AND BOWL- 
ING GREEN, TYPE OF AIRCRAFT, C-182. 


4 , BGS PIREP 141522Z 45 NW BGS 70-150 MDT-SVR TURBC T 38 . 

T-38 PILOT REPORTS MODERATE TO SEVERE TURBULENCE BETWEEN 7,000 
AND 15,000 FEET 45 MILES NORTHWEST OF BIG SPRINGS. 

5* RND PIREP 141524Z ON TKOF RND 1^46 CIG RGD. 

PILOT REPORTED AFTER TAKEOFF AT RANDOLPH (RND) THE BASE OF THE 
OVERCAST WAS 1,500 FEET AND THE TOP OF THE OVERCAST WAS AT 4.600 
FEET; CEILING RAGGED. * 

6 , HAR PIREP 141240Z OVR HAR TMP -2C NEG TURBC IN CLR FLT ALT 4*^ L20 
AVIATOR IN L-20 REPORTED TEMPERATURE -2°C, WITH NEGATIVE TURBULENCE 
AND CLEAR AIR AT 4,500 FEET OVER HARRISBURG (HAR). 

ac^'^claLified^^ undercast tops unk 

PILOT REPORTED TO ATLANTA 60 MILES EAST OF ATLANTA AT 33 000 FFFT 

HEIGHt'^OF^TOPA llwLflww^'''TVDC THE AIRCRAFT WITH 

HEIGHT OF TOPS UNKNOWN. TYPE OF AIRCRAFT CLASSIFIED. 

FOLLOWS? TRANSMIT A COLLECTION OF PIREP SUMMARIES AS 

ACF UA 141 520 
PIREP SMRY 

SS Hi ? 

OFF TUL ©50 060 IN-OUT 70 ©E90 B185 

ELP UA 142025 
PIREP SMRY 

35NE TUS MDT TURBO ® OLDS I 05 PA24. 

70%E®SAT^mrTO°sVR'^CAT''42^F?06 ' 

5°W-LBB 45 ® LGT TURBC 4 ? CI 82 . * 

°SSE ABC ®12g front MOVG S 20KTS MTNS OBSCD W. 
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R ! C 

FLE NIOTAM QUNAZ 1513^0 1^1630 PERSOMNEL DROP AT FLE DROP ZONE SFC 
TO 8500 FT 142330. 

STL NOTAM RNWY 12-30 OPEN. MIDDLE ^000 FT SANDED, FIRST 2500 FT 
BOTH ENDS OF RNWY 1/4 IN MELTING SNW AND ICE. MIDDLE 5000 FT l/2 
IN MELTING SNW AND ICE AND UP TO 2 IN IN SOME RIDGES. BRAKING 
ACTION POOR BY M404 142353 + SEE NOTAM JAN 142201 

SHV 097/62/61/1 6 I 4 / 98 I/QAVOG 230KC QANES (lENES DME 

MLU E18®10 I 32 / 6 I/ 5 V 1310 / 991 /DRK W-N QANES QENES DME 

PHX 

2PX NOTAM RARAD SVC AVBL FOR CIVIL JET ACFT J 6 V FM PHX 310 RAD TO 
PRC VOR J10V PQS 140 RAD TO GJT I 65 RAD J24V PRC 120 RAD TO TCS 305 
RAD J58V PGS TO 020 RAD TO GJT I 65 RAD J64V PRC 320 RAD TO GJT I 65 RAD 
J 78 V PGS 140 RAD TO FMN I 90 RAD J92V RCE 040 RAD TO RCE 070 RAD 142140 

MIA 30®E1203D12 217/76/66/0915/016/507 1230 QANES. SEE NOTAM BIRDS. 


Figure NOTAM‘8. 


PH IK 07012 7500 2CU18 4CU35 3?/19 2974INS C1Q35/VIS S 9000 

PQST 99905 CAVOK 10/05 299° INS FU LYR SE 

PGMT 01006 0600 R0500 47FG 9//03 12/11 29951 NS CIG03 

PQLQ 12015 9000 3ST25 5SC50 15/l0 30051 NS CIS50 

RMNL 18015/30 CAVOK 6C|80 31/16 3015INS CIG80 

RMGS 25025 0800 R0600 98TSSA 8CBI5 28/21 29641 NS CIGI5 SKY-X 


'kFigurc 11-1 Meteorological Terminal Aviation Eeport (METAR). 


The general format for METAR is different 
from the teletype sequence reports covered in 
the previous paragraphs, but the same informa- 
tion is given in both reports. 

a. Station Identifiers {METAR). All sta- 
tions will be identified by four letters — the 
normal three-letter identifier, preceded by an- 
other letter (fig, 11-15). All stations in Mexico 
will be preceded by the letter M ; all stations in 
Alaska will be preceded by the letter P ; and all 
stations in England, Norway, or Sweden will 
be preceded by the letter B (fig. 11-16). 

h. Wind Velocity (METAR). The surface 
wind velocity is reported in degrees and knots 
by five numerals. The first three numerals indi- 
cate the direction (to the nearest 10°) with 
reference to true north. A wind from thirty de- 


grees would be reported as 030, while a wind 
from three hundred degrees would be reported 
as 300. The next two numerals indicate the 
windspeed to the nearest knot. For example, 
07016 indicates a surface wind from 070° at 15 
knots. 

(1) A calm wind is reported as OOOOO. 

(2) A maximum wind is reported when it 
exceeds the average wind by 10 knots or more. 
For example, 18012/35 indicates the wind di- 
rection is from 180° at 12 knots with a maxi- 
mum wind at 35 knots. 

(3) A variable wind is reported as 999. 
For example, 99905 indicates the wind direc- 
tion is variable and the windspeed is 5 knots. 

c. Visibility (METAR). The surface hori- 
zontal visibility is reported in meters. Whex 
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'^Figure 11 - 15 . Index to identifying letters (METAR and TAF), 
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PHIK HICKAM AFB, HAWAII 

RLTE LEYTE ISLAND, PHILIPPINES 

ALWH LAWN HILL, AUSTRALIA 

LGVA GENEVA, SWITZERLAND 

POST GUSTAVUS AIRPORT, ALASKA 

EGLA GLASGOW, SCOTLAND 

LGIO QIOIA, ITALY 

RMNL MANILA, PHILIPPINES 


•^Figure 11 - 16 , Intentational station identifiers 
{METAR ayid TAF). 

the visibility is less than 5,000 meters, it is re- 
ported to the nearest 100 meters. If the visibil- 
ity is between 5,000 and 9,000 meters, it is re- 
ported to the nearest 1,000 meters. For exam- 
ple, 0700 indicates the visibility is 700 meters 
and 8000 indicates the visibility is 8,000 me- 
ters. 

d. Runway Visual Range (RVR) (ME- 
The RVR is the horizontal distance 


an aviator will see down the runway from the 
approach end. It is based on the sighting of 
high intensity runway lights or the visual con- 
trast of other sighting targets — whichever 
yields the greater visual range. The RVR is de- 
termined by an instrument called the transmis- 
someter which is mounted beside the instru- 
mented runway near the touchdown point. The 
RVR is reported to the nearest tens, hundreds, 
or thousands of meters. The runway number 
will not be given ; therefore, the RVR reported 
will be the visibility on the active runway. For 
example, R0500 indicates the RVR is 500 me- 
ters and R2000 indicates the RVR is 2,000 me- 
ters. 

e. Weather and Obstruction to Vision 
(METAR). The present and/or immediate past 
weather is reported in a code of numbers and 
letters (fig. 11-17). The numbers permit a full 
description of the weather reported; whereas, 
the letter abbreviations give only a categorical 
description. For example, 50DZ 42FG indicates 
the present weather and obstructions to vision 
are drizzle and fog. In figure 11-14, station 
PGMT is reporting a visibility of 600 meters 
with fog, while station RMQS is reporting a 
visibility of 800 meters with thunderstorms 
with duststorms or sandstorms. 
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04 FU 

SMOKE 

66 

FZRA 

FREEZING RAIN 

06 HZ 

DUST HAZE 

6 ? 

FZRA 

HEAVY FREEZING RAIN 

08 PO 

DUST DEVILS 

68 

RASN 

RAIN AND SNOW 

11-12 MIFG 

SHALLOW FOG 

69 

RASN 

HEAVY RAIN AND SNOW 

17 TS 

THUNDERSTORMS 

70-73 

SN 

SNOW 

18 SO. 

SQUALL 

74-75 

XXSN 

HEAVY SNOW 

19 FL 

FUNNEL CLOUD 

77 

SN 

SNOW 

20 REDZ 

RECENT DRIZZLE 

Z9 

PE 

ICE PELLETS 

21 RERA 

REGENT RAIN 

80 

RASH 

SHOWERS 

22 RESN 

RECENT SNOW 

81-82 

XXSH 

HEAVY SHOWERS 

23 RESN 

RECENT rain AND SNOW 

83 

RASN 

SHOWERS OF RAIN AND SNOW 

24 RERA 

RECENT FREEZING RAIN 

84 

RASN 

HEAVY SHOWERS OF RAIN AND SNOW 

25 RESH 

RECENT SHOWERS 

85 

SNSH 

SNOW SHOWERS 

26 RESH 

RECENT SNOW SHOWERS 

86 

XXSN 

HEAVY SNOW SHOWERS 

27 REQR 

RECENT HAIL 

00 

CO 

B 

l>- 

00 

QR 

SOFT HAIL 

29 RETS 

RECENT THUNDERSTORMS 

89 

QR 

HAIL 

30-32 SA 

DUSTSTORMS OR SANDSTORMS 

90 

XXGR 

HEAVY HAIL 

33-35 XXSA 

HEAVY DUSTSTORMS OR SANDSTORMS 

91 

RA 

RAIN 

38-39 BLSN 

BLOWING SNOW 

92 

XXRA 

HEAVY RAIN 

40-41 BCFQ 

FOG PATCHES 

93 

QR 

HAIL 

42-47 FQ 

FOG 

94 

XXGR 

HEAVY HAIL 

48-49 FZFQ 

FREEZING FOG 

95 

TS 

THUNDERSTORMS 

50-53 DZ 

DRIZZLE 

96 

TSQR 

THUNDERSTORMS WITH HAIL 

54-55 XXDZ 

HEAVY DRIZZLE 

97 

XXTS 

HEAVY THUNDERSTORMS 

56-57 FZDZ 

FREEZING DRIZZLE 

98 

TSSA 

THUNDERSTORMS WITH DUST OR 

58-63 RA 

RAIN 



SANDSTORMS 

64-65 XXRA 

HEAVY RAIN 

99 

XXTS 

HEAVY THUNDERSTORMS WITH HAIL 


^Figure 11-17. Present and forecast weather (METAR and TAP). 


f. Cloud group. The cloud group has three 
parts — the cloud amount (reported in eighths), 
cloud type (fig. 11-18), and base of cloud layer 
above the ground (fig. 11-19), The cloud group 
will be repeated as necessary to indicate the 
cloud distribution. The groups will be arranged 
in an ascending order of the height of cloud 
layer bases. When clear skies are present, the 
group is not used. The ceiling is the height at 
which the summation of cloud layers, at end 
below the height, exceeds 4/8. Cloud bases are 
entered as two digits. Heights from 100 to 
5,000 feet are encoded 01-50. For cloud bases 
above 5,000 feet, the figure 60 must be sub- 
tracted from the code figure to obtain the cor- 
rect cloud base. For example, 6SC26 indicates 
6/8 stratocumulus at 2,600 feet above the 
ground, the groups 3CU16 6AC66 8CI80 indi- 
cate 3/8 cumulus at 1,600 feet, 6/8 altocumulus 
at 16,000 feet, and 8/8 cirrus at 80,000 feet. An 
exception to this is a total obscuration. When 
this occurs and if the vertical visibility is 600 
feet, it would be reported as 9//06. For exam- 
pie, in figure 11-14, station PGMT is reporting 
the following: wind velocity 010°/6 knots, hor- 
izontal visibility 600 meters, RVR 600 meters, 
fog, and the vertical visibility (ceiling) 300 
feet. 


g. Ceiling and visibility OK {CAVOK] 
(METAR). This will be used in place of visi 
bility and clouds when the following condition! 
are reported simultaneously : 

(1) Visibility is 10 kilometers or more. 

(2) Lowest cloud layer is 4/8 or less cov 
erage, height of bases is 10,000 feet or above 
and cumulonimbus are not observed. 

(3) No precipitation or thunderstorms. 

h. Temperature and Dew Point (METAR) 
The surface temperature and the surface dev 
point are reported in degrees Celsius. A minui 
sign preceding the temperature and/or dev 


Cl CIRRUS 

CC CIRROCUMULUS 

CS CIRROSTRATUS 

AC ALTOCUMULUS 

AS ALTOSTRATUS 

NS NIMBOSTRATUS 

SC STRATOCUMULUS 

ST STRATUS 

CU CUMULUS 

CB CUMULONIMBUS 


"kFigure 11-18, Cloud type (METAR and TAF). 
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POPE 



00 

LESS THAN 100 FEET 

31 

01 

100 FEET 

32 

02 

200 FEET 

33 

03 

300 feet 

It 

04 

400 FEET 


05 

500 feet 

36 

06 

600 FEET 


07 

700 FEET 

3° 

06 

800 FEET 

39 

09 

900 FEET 

40 

10 

1000 feet 

41 

11 

1100 FEET 

A'2 

12 

1200 FEET 

43 

13 

1300 feet 

44 

14 

1400 FEET 


t? 

1500 FEET 

46 

16 

1600 FEET 



1700 feet 

48 

18 

1800 FEET 

49 

19 

1900 FEET 

50 

20 

2000 FEET 

5i-?5 

21 

2100 FEET 

56 

22 

2200 FEET 

tl 

23 

2300 feet 


24 

2400 feet 

fl 

25 

2500 FEET 

60 

26 

2600 FEET 

61 

27 

2700 FEET 

62 

26 

2800 FEET 


29 

2900 FEET 

64 

30 

3000 FEET 



PE .C.Q P & 

3100 FEET 
320^> FEET 
3300 FEET 
3400 FEET 
3500 FEET 
3600 FEET 
3700 FEET 
3800 FEET 
3900 FEET 
4000 FEET 
4100 FEET 
4200 FEET 
4300 FEET 
4400 FEET 
45^00 FEET 
4600 FEET 
4700 FEET 
4800 FEET 
4900 FEET 
?000 FEET 
NOT USED 
6000 FEET 
7000 FEET 
8000 FEET 
9000 FEET 
10000 FEET 
11000 FEET 
12000 FEET 

13000 feet 

14000 FEET 


65 

15000 

feet 

66 

16000 

FEET 

67 

17000 

FEE r 

6b 

18000 

FEET 

69 

19000 

FEET 

70 

20000 

FEET 

71 

21000 

FEET 

72 

22000 

FEET 

73 

23000 

FEET 

74 

24000 

FEET 

75 

25000 

FEET 

76 

77 

26000 

27000 

FEET 

FEET 

78 

28000 

FEET 

79 

29000 

FEET 

80 

30000 

FEET 

81 

35000 

FEET 

82 

40000 

FEET 

83 

45000 

FEET 

84 

50000 

FEET 

85 

55000 

FEET 

86 

60000 

FEET 

87 

65000 

FEET 

88 

70000 

FEET 

89 

OVER 70000 feet 


•^Figure 11~19. Bane of cloud, icing layer, 
or turbulent layers (METAB and TAF). 


point indicates that it is below zero. For exarn^ 
pie, in figure 11-14 station PGLQ is reporting 
a temperature of 15“ C. and a dew point of 10“ 
C., while station PHIK is reporting a tempera- 
ture of 32° C. and a dew point of 19“ C. 

i. Altimeter Setting (METAR) . The altime- 
ter setting is reported along with the units, 
which may be either inches of mercury or mil- 
libars. For example, in figure 11-14 station 
RMNL is reporting an altimeter setting of 
30.15 inches of mercury, while station PHIK is 
reporting an altimeter setting of 29.74 inches 
of mercury. 


j. Celling (METAR). The height of the ceil- 
ing is reported by using the same code figures 
that are used for reporting the base of clouds 
(fig. 11-19), For example, in figure 11-14 sta- 
tion PHIK is reporting a ceiling of 3,600 feet, 
while station RMNL is reporting a ceiling of 
30,000 feet, 

fc. Remarks {METAR), The remarks are 
appended to the report to give the aviator de- 
tailed information for flight planning. Some of 
the remarks are in code, while others are re- 
ported in standardized contractions of words 
and phrases. 




CHAPTER 12 


THE SURFACE WEATHER MAP 


1 2—1 . General 

The surface weather map (surface synoptic chart) 
presents an analysis of surface weather informa- 
tion for a specific time and a given area. The 
analysis is based on surface-observed data re- 
corded at a specified time by weather stations in 
the area covered by the map, The.se maps are also 
called facsimile maps after the name 6f the equip- 
ment used for their transmission. The surface 
weather map is just one of the many facsimile 
maps transmitted each dav by the National 
Meteorological Center (NMC) . The facsimile 
form of the map for North America presents the 
surface weather analysis for the United States and 
parls of Canada, Alaslca, and for the North At- 
lancic and North Pacific Oceans (fig. 12--1). It is 
available in most weather stations in the United 
Slates and in selected stations outside the Zone 
of Interior. 

12-2. National Meteorological Center 

Approximately 350,000 reports of existing 
weather conditions are received each day at the 
NMC just outside of Washington, D. C. The 
Center prepares surface and upper air analysis 
maps, surface and upper air prognostic maps, 
winds aloft maps, and composite maps (containing 
additional required information) and transmits the 
maps over the facsimile circuit. Some of these 
maps include the entire Northern Hemisphere. A 
portion of the data necessary for the NMC mission 
is supplied by the following sources (figures are 
approximations) : 900 airways surface reports every 
hour, 2,000 international land station reports 
every 6 hours, 200 ship reports every 6 hours, 500 
aircraft in-flight reports each day, 300 aircraft 
reconnaissance reports each day, 600 winds aloft 
reports every 6 hours, and 300 radiosonde reports 
every 12 hours. From these reports, the necessary 
maps are prepared and transmitted by facsimile 


machine to Weather Bureau, Air Force, and Navy 
weather stations. The same data that is printed in 
black and white by the facsimile receiver is also 
transmitted in coded form by teletype circuits. 
Maps can be drawn by local weather station per- 
sonnel using the coded data if some malfunction 
occurs in the facsimile equipment or if facsimile 
receivers are not available at the station. 

Note, Some facsimile receivers print the facsimile 
maps in brown and white, 

12.3 Construction 

The surface weather map provides a picture of 
the weather as it exists at the time of the observa- 
tion. This picture includes the atmospheric pres- 
sure patterns at sea level (pressure systems), 
fronts, and individual reporting station data. The 
two types of surface weather maps commonly dis- 
played in the United States are the facsimile (black 
and white) map, and the sectional (colored) map. 

a. Facsimile Map, Facsimile synoptic maps 
are drawn at the NMC eight times each day (fig, 
12-1) . The observations for these maps are taken 
at OOOOZ, 0300Z, 0600Z, 0900Z, 1200Z, 1500Z, 
1800Z, and 2100Z. The time of the observation 
appears in the lower left corner of the map. These 
observations are encoded and transmitted to the 
NMC by radio, telephone, and teletype. At the 
NMC this data is decoded, and the master map is 
drawn for facsimile transmission to the using 
agencies. The transmission of the facsimile surface 
maps is usually completed 1]^ to 2 hours after the 
time of observation. The data on the facsimile 
surface map is, therefore, generally between 2 and 
6 hours old when used by the aviator in the weather 
station. However, this facility shows the most 
complete picture of weather conditions over the 
entire United Slates. (The teletype sequence re- 
port is designed to provide up-to-the-minute indi- 
vidual station weather information.) The OOOOZ, 
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Figure 12-1. Typical facsimile surface weather map. 






0600Z, 1200Z, and 1800Z maps are drawn to a 
1 : 20,000,000 scale and depict a few stations 
over a large area. The remainder of the maps 
are drawn to a 1 : 10,000,000 scale and show a 
greater number of stations, but a smaller area 
is covered by each map. All of the symbols ap- 
pearing on these maps are black when trans- 
mitted since the facsimile machine cannot re- 
produce color transmissions. At most weather 
stations^ the major features of these maps are 
colored by the weather personnel on duty. A 
sequence of three or four maps is displayed in 
the weather office to indicate trends in the de- 
velopment of fronts, pressure systems, and 
weather phenomena. 

b. Sectional Map. Sectional maps are large, 
brown, standard forms which normally show 
only the section of the United States in which 
the station is located — hence the name sec- 
tional map. The weather data is plotted and 
drawn on the sectional map by personnel in the 
weather station, using information received by 
teletype machine 'Ar* This data may be ob- 
tained from the surface synoptic code or from 
regular teletype sequences. The weather sym- 
bols on the sectional map are in color. The map 
is easy to read and the data presented is usu- 
ally more complete than that on the facsimile 
map, although the method of plotting the data 
is subject to minor local variations. The station 
model code is not always the T/^same as that 
used on the facsimile map (fig. 12-2), but the 
arrangement of information around the station 
center is in the same pattern. If the station is 
equipped with facsimile service, only one or 
two sectional charts are drawn each day for 
local use. 

1 2-4. Station Model 

Data observed by individual stations are plot- 
ted in the form of standard symbols on the 
surface weather map. These symbols are 
grouped around a printed circle called the sidy 
tion circle, which indicates the geographical lo- 
cation of the station on the chart (fig, 12-3), 
This grouping of data is the station model. The 
arrangement of plotted data around the station 
model is standard in weather stations through- 
out the world. On NMC facsimile maps, the ab- 
breviated station model includes only the sky 
cover, surface wind, present weather, tempera- 
ture, dew point, pressure, and pressure tend- 
ency. The sectional map generally includes ad- 
ditional data on cloud types, ceiling, cloud 
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bases, and visibility. The sky coverage symbols 
on the sectional chart resemble the symbols in 
the teletype sequence report rather than the 
international synoptic code symbol. 

a. Wind. The direction from which the wind 
is blowing is indicated on the surface weathei 
map by a shaft. The shaft on the station mod- 
els in figure 12-3 indicates wind from the nor- 
thwest. Wind speed is indicated by the bart 
and pennant system- — a full barb is valued ai 
10 knots, a half -barb at 5 knots, and a pennani 
at 60 knots. To avoid confusion in length wit! 
a single full barb, the half-barb appears pari 
way down the shaft when 6-knot winds exist 
The wind speed is a summation of the numbei 
of barbs and pennants appearing on the shaft. 
For a calm wind, a circle is drawn around the 
station center. The wind direction is deter- 
mined by reference to true north (a tm 
wind), and the speed is rounded to the nearesi 
6 knots (app. II). 

h. Shy Coverage. Two types of symbols or 
surface weather maps indicate the total skj 
coverage over the station. 

(1) Facsimile symbols. The amount ol 
black in the facsimile station circle is an indi- 
cation of the total amount of sky coverage b> 
all cloud layers over the station (figs. 12-3 and 
12-4). These symbols are part of the interna- 
tional surface synoptic code. 

(2) Sectional ma/p symbols. The individ- 
ual preparing the colored sectional map maj 
use either the facsimile symbols for sky cover- 
age or the regular teletype sequence reporl 
symbols for scattered or broken sky coverage 

e. Pressure. The mean sea level pressure ii 
indicated either in tenths of millibars (threi 
digits) ^or in nearest millibars (two digits) 
The facsimile map model uses two digits, If th( 
reported pressure begins with a digit from i 
through 5, the figure is preceded with a 10 
i.e,, 091 means 1009.1 millibars, and 33 mean 
1083 millibars. When the reported pressure be 
gins with a digit from 6 through 9, the figur 
is preceded with a 9; i.e„ 991 means 999.1 mil 
libars, and 66 means 965 millibars. These pre£ 
sure values are corrected to mean sea level t 
eliminate pressure variations caused by varj 
ing field elevations. 

d. Temperature and Dew Point, On surfac 
weather maps, prepared by United Stab 
weather services, the temperatures and de 
points are given 
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INTERNATIONAL STATION MODEL 


Cm -middle cloud type 

Ch -HIGH CLOUD TYPE 
TtjTd-DEW POINT 
a -PRESSURE TENDENCY* 
pp -CHANGE IN PRESSURE* 

RR -AMOUNT OF PRECIPITATION (PAST 6 HOURS) 
Rt -TIME PRECIPITATION BEGAN OR ENDED 

N -total sky coverage 

dd -WIND DIRECTION 


ff -WIND SPEED 
VV -VISIBILITY 
ww -PRESENT WEATHER 
W -PAST WEATHER (3 TO 6 HOURS) 
PPP-MSL PRESSURE 
TT -TEMPERATURE 

-SKY COVERAGE OF "h” 

Cl -low cloud TYPE 
h -HEIGHT OF LOW CLOUDS 


* TENDENCY OR CHANGE OVER THE PAST 3 HOURS 


ff 


dd 


(A) 



FACSIMILE STATION MODEL 



VISIBILITY 



HIGH AND MIDDLE CLOUD TYPES 


LOW CLOUD TYPE 


68 — 40/100/20Q 

\l/ "CEIXING 
CLOUD BASES 
(HUNDREDS OF FEET) 
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Figure 12-3. Surface weather map station models. 
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Figure 12^4- (Superseded) Major station model synibols. 
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in degrees Fahrenheit. However, weather maps 
produced in most other major countries give the 
temperatures and dew points in the centrigi’ade 
scale. 

c. Present Weather. The symbols used for pres- 
ent weather (figs. 12-4 and 12-5) represent forms 
of precipitation or obstructions to vision, or both. 
Although there are over 100 possible combinations 
and types of weather symbols (fig. 12-5), the avia- 
tor needs to recognize only the major types 
(fig. 12-4). 

/, Visibility. Visibility in statute miles is nor- 
mally plotted only on the sectional map. Both 
whole and fractional parts of miles are shown, as 
applicable. 

(j. Piessure Tendency . Pressure tendency 
changes over the past 3 hours are indicated as fol- 
lows: a plus or minus indicates whether the net 
change in pressure has resulted in an increase or a 
decrease; the amount of change is indicated in 
tenths of millibars; and the pattern of change is 
indicated by the coded symbol (fig. 12-4). 

h. Cloud Types. Although there are 27 cloud 
types symbolized in the international code, a 
knowledge of the 10 basic types (fig. 12-4) will 
provide the aviator with a practical understanding 
of those symbols used on the sectional map. The 
same symbol (plotted above the station circle) is 
used for either nimbostratus or thick altostratus 
clouds. These two cloud types are similar in that 
both may obscure the sun and produce continuous 
precipitation at the surface. Cloud types are gen- 
erally plotted for all stations on sectional maps but 
only for selected stations on the facsimile map. 

^ i. Past Weather. The past weather normally 

■ mapar rhi is indicated only on an international sta- 
tion model. The data is available to the aviator, 
however, in the form of teletype code transmission. 
All data plotted for the international station model 
is transmitted in an international synoptic code by 
teletype circuit to supplement the facsimile maps. 

y. Amount of Precipitation. The total precipi- 
tation during the past 6 hours and the time that 
the precipitation began or ended is available only 
on teletype circuit transmission (international 
surface .synoptic code). 

k. Height and Amount of Lower Clouds. The 
height to the base of of each cloud deck over the 
station is normally plotted on sectional maps in 
hundreds of feet above the ground. The ceiling 


height is underlined on this type of station model. 
If no ceiling exists, none of the cloud heights are 
underlined. The height and amount of lower 
clouds are not plotted on facsimile maps, but the 
data may be obtained from the international 
synoptic code. 

12—5. Weather Map Analysis 

Station models are used by the NMC and local 
weather station personnel to anajyze the surface 
weather map. The meteorologist draws the pres- 
sure patterns by using the wind data and sea level 
pressure. Isobars show the general pressure pat- 
tern and low-level circulation (below approximately 
3,000 feet). The location of fronts is determined 
by using the dew point, temperature, wind, pres- 
sure tendencies, clouds, and present weather. 

а. Isobars. Isobars are drawn at 4-millibar 
intervals on facsimile and sectional maps of North 
America. This interval places the isobars close 
enough to show the pressure pattern, but leaves 
enough space to plot additional data legibly. The 
isobars are labeled in tens of millibars by multiples 
of four, i.e,, the labels 9^, 96, 00, OJf, and 08 would 
be interpreted as 992 millibars, 996 millibars, 1,000 
millibars, 1,004 millibars, and 1,008 millibars. 
The 1,016-millibar line is the normal boundary 
between cyclones and anticyclones. 

б. Isoharic Patterns. The pattern formed by 
the isobars shows the flow of the gi’adient wind 
above the affect of surface friction. At approxi- 
mately 2,000 feet (the gi*adient level), winds flow 
parallel to the isobars; below the gradient level, 
winds tend to flow toward the lower pressure area. 
The average angle at which the surface winds 
cross the isobars is approximately 30“ over a nor- 
mal land surface: the angle is less over water and 
greater over irregular surfaces. The actual wind 
direction below 2,000 feet should be obtained 
from the station models. On surface weather 
maps of the United States, the windflow is counter- 
clockwise around cyclones and clockwise around 
anticyclones. Cyclones are typically areas of 
overcast sky, turbulence, and generally unfavor- 
able flying conditions. Cyclonic centers are char- 
acterized by gusty, strong, erratic winds, as 
opposed to anticyclone centers of calm or light and 
variable winds. A high typically represents an 
area of clear sky, smooth air at flight level, and 
generally good weather. Centers of high and low 
pressure are labeled with a blue H or a red L on 
display maps. 
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Figure 12-5 — Continued. 
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c. Isol)aric Spacuig. Closely si^aced isobars in- 
dicate a strong pi’essure gi’adient, while widely 
spaced isobars indicate a weak pressure gradient. 
Therefore, the winds along the same latitude are 
strong where isobars are closely spaced and weak 
where the isobaric spacing is wide. Isobars are 
usually closely spaced around low-pressure centers 
and widely spaced around high-pressure centers. 

1 2-6. Weather Map Analy,sls Symbols 

n. Frontal Symhoh. Fronts are indicated on 
facsimile surface weather maps by symbolized 
lines {fig. 12-6). On locally prepared sectional 
maps or locally colored facsimile maps, these 
fronts are indicated by colored lines. Prefrontal 
squall lines and trough lines are also symbolized 
or colored (fig. 12-6), The spacing between the 
symbols on the lines is subject to considerable vari- 
ation. A coded analysis (fig. 12-7) of the front is 
plotted within brackets along the front on the 
facsimile surface weather map. 

h. Areas of Weather and Restricted Visibility, 
Wlien a certain type of weather or restriction to 
visibility is indicated at given stations over a 
rather large area on the map, a large symbol cor- 
responding to the symbol used for present weather 
on the station model (fig. 12-4) is drawn in color 
on the map at the local weather station. If a 
large area of precipitation or 1 ‘estrictioii to visibil- 


ity is present, the entire area is (Milored for immedi- 
ate identification. Colors are as follows; 

(1) Areas of continuous precipitation — .solid 
green shading. 

(2) Areas of intermittent, jirecipitation — 
green hatching. 

(3) Areas of fog — solid yellow shading. 

(4) Areas of blowing dust or sand — solid 
brown sJiading. 

(5) Hazardous weather — appropriate station 
model symbol in red. 

(6) Showers — appropriate symbol over a 
green triangle. 

1 2-7. Pressure System Movement 

The most dependable way to determine the 
movement of pressure systems (and the fronts they 
contain) is t o obt aiii the informat ion from the fore- 
caster on duty or from surface prognostic maps 
(jDara. 16-10) . Two quick methods that the avia- 
tor can use to estimate the future movement of 
pressure systems are extrapolation and pressiwe 
fendenoy, 

a. Extrapolation. Extrapolation is the process 
of using past movement of the pressure systeni to 
predict future movement. By locating the posi- 
t ion of a pressure center on the three earlier surf ace 
weather maps, the movement (speed and direction) 
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for the past 9 hours can be seen. This trend 
can then be projected into the future movement 
of the system for short periods of time (fig. 
12-8). The same system can be used for pre- 
dicting the movement of fronts on the surface 
weather map. Actual pressure system and 
frontal movements during an 18-hour period 
are depicted in figures 12-12 through 12-15 at 
the end of this chapter. 

b. Pressure Tendency. Low-pressure sys- 
tems tend to move toward the area of rapidly 
falling pressure, and high-pressure systems 



let Digit — Frontal Type 

0 — Stationary front 

1 — Warm front 

2 — War’m occlusion 

3 — Upper warm front 

4 — Cold front 

5 — Cold occlusion 

6 — Upper cold front 

7 — Squall line 

8 — Intertropical front 

9 — Occlusion 


Sd Digit — Frontal Ckaiacterietic 

0 — No specification 

1 — Frontal activity area, 
decreasing 

2 — Frontal activity area, 
little change 

3 — Frontal activity area, 
increasing 

4 — Intertropical 

6 — Forming or existence 
suspected 

6 — Stationary 

7 — With waves 

8— Diffuse 

9 — Position doubtful 

Figure 


CODE 

sd Digit — Frontal Intcimty 

0 — No specifleation 

1 — Weak, decreasing (inch 
fi’ontolysis) 

2 — Weak, little or no change 

3 — Weak, increasing (inch 
frontogenesis) 

4 — Moderate, decreasing 

5 — Moderate, little or no 
change 

6 — Moderate, increasing 

7 — Strong, decreasing 

8 — Strong, little or no 
change 

9 — Strong, increasing 
INTERPRETATION 

4 — Cold front 
[453] 6 — Moderate, little 

or no change 
3 — Frontal activity 
area, increasing 

1 — Warm front 

[122] 2— Weak, little or 

no change 

2 — Frontal activity 
area, little 
change 


Frontal analysis code. 


move toward the area of rapidly rising pres- 
sure. An estimate of the amount and direction 
of movement of a pressure center is obtained 
by a combination of the direction and speed of 
past movement and the path parallel to a line 
joining the rapidly rising and falling pressure. 

(1) Because low-pressure convergence 
areas contain the greatest flight haz- 
ards, the future movement of lows is 
important to aviators. In using pres- 
sure tendencies for predicting a low- 
pressure movement, the highest nega- 
tive and highest positive-pressure 
tendency within 600 to 700 miles of 
the low-pressure center are located. 
A straight line is drawn between these 
points. The future movement of the 
center moves parallel to this line, with 
the low moving toward the negative 
end of the line. 

(2) To determine the speed of motion, a 
second line is drawn parallel to the 
first line and passing through the cen- 
ter of the low. The speed of move- 
ment can be estimated by adding the 
tendencies at each end of the line (dis- 
regarding the signs) and dividing the 
sum by four (fig. 12-9) . 

12-8, Weather Maps in Flight Planning 

Although the data plotted on surface weather 
maps is 2 to 6 hours old when used by the avia- 
tor, it presents the best overall picture of sur- 
face weather along his proposed flight route 
(fig. 12-10) . It also may be used as a guide in 
obtaining other data in the weather station. 
The first course of action for planning a flight 
is to look at the latest surface weather map and 
proceed as follows : 

a. Analyze trends in temperature and dew 
point, by comparing the two latest maps, in 
order to estimate possible fog areas along the 
flight route. 

b. Determine position and movement of any 
low pressure center within 500 miles of the pro- 
posed flight track. 

c. Read the station model cloud symbols, 
bases of clouds, and present weather symbols 
along and to both sides of the proposed line 
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of flight. Compare these readings with cur- 
rent teletype sequence reports to determine 
whether sky condition and visibility is inipiov- 
iiig or deteriorating. 

d Become familiar with hazardous areas 
along the proposed route and obtain a thorough 
briefing from the forecaster on these areas. 

fj. Check the upwind weather conditions for 
the effects of advection on the flight area, such 


1 

(A) ®- 


2 



1 

(B) (g) 


2 


as temperature, clouds, fog, haze, and other 
phenomena that move with the wind. 

/. Where frontal inversions appear to slope 
over the proposed route, check the latest winds 
aloft reports for the location of the wind shift 
and temperature inversion at flight level. 

a. Ask the personnel on duty at the weather 
station to clarify any weather data Mdiich is not 
thoroughly understood. 

® -(E) 

3 4 5 

® (2>— <E) 


(C) 

(A) EQUAL DISPLACEMENT-EQUAL TIME-CONSTANT DIRECTION 

(B) DIMINISHING DISPLACEMENT-EQUAL TIME-CONSTANT DIRECTION 

(C) DIMINISHING DISPLACEMENT-EQUAL TIME-CHANGING DIRECTION 

NOTE: PATHS ARE EXTRAPOLATED FROM 4 TO 5. aavt.178 

Figure 12~8, Forecasting movement of pressure systems by eKtrapolaiion, 
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1 2-9. Other Facsimile Maps Showing 
Cloudiness and/or Visibility 

In addition to the surface synoptic map, the 
NMC prepares two other facsimile charts 
which will aid the aviator in flight planning — 
the radar summary chart and the weather de- 
piction ma/p. 



Figure 12-9. Tracing the future movement of a low. 


a. The radar summary chart is discussed in 
chapter 15. 

b. The weather depiction map (fig. 12-11) is 
transmitted eight times a day, beginning at 
OlOOZ and every 3 hours thereafter. It is de- 
signed primarily as a supplement to the sur- 
face synoptic map for pilot weather briefing. 
Drawn from the same teletype data used to 
construct the surface synoptic map, it shows 
visibility and cloud conditions for selected sta- 
tions across the United States. The station 
model is constructed as follows: The total sky 
coverage is plotted in the station circle; when 
restricted to 6 miles or less, the visibility is re- 
corded to the left of the station circle; the 
height of the cloud base is plotted below the 
station circle in hundreds of feet. Areas where 
the visibility is less than 3 miles and/or the 
ceiling is less than 1,000 feet are colored red by 
the local weather station personnel. Areas 
in which the ceiling is 1,000 through 5,000 feet 
are colored blue. Areas of IPR are immediately 
apparent on this map. Comparison with the 
surface synoptic map, as a further step in 
weather analysis, will show the cause of the 
cloud formations and/or restrictions to visibil- 
ity. 
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(TIROS CLOUD PICTURES SUPERIMPOSED ON CONVENTIONAL WEATHER MAP) 



ACTUAL TIROS PHOTOGRAPHS TAKEN ON MAY 20, 1960 
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Figure 


Weather map and actual weather oonditiona aa photographed by 
TIROS I observation aatellite. 
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Figure 12-12. Surface weather OOOOZ, 2 January 1965. 
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Figure 12-lS. Surface weather map, 0600Z, 2 January 1965. 







Figure 12-1^, Surface iceather map, ISOOZ, 2 J anuwry 1965. 
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Figure 12~15. Surface weather map, 1800Z, 2 January 1965. 
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'^rCHAPTER 13 
WINDS ALOFT 


13-1. General 

Wind is air moving essentially parallel to the 
earth’s surface. Winds aloft vary greatly and 
are sometimes quite complex. The observed 
windflow is an important factor in navigation 
and this information is in great demand by the 
aviator. The aviator should be able to take ad- 
vantage of all winds aloft information. The 
flow of air can affect the groundspeed, thereby 
affecting the time of arrival and fuel consump- 
tion. The flight range is greatly reduced with 
an adverse windflow. 

13-2. Winds Aloft Information 

Both current and forecast winds aloft informa- 
tion comes into the weather office via teletype 
in code form. It also comes over the facsimile 
machine in chart form. The code form is more 
complete, for the charts are only prepared for 
significant or standard levels. The aviator must 
understand both of these forms of information 
and be able to interpret the wind direction and 
velocity at all altitudes. 

NOTE 

Since current winds aloft codes are com- 
plex and not usually posted for the avia- 
tor, the forecast winds are now considered 
the most important for flight planning. 
Forecast winds aloft are covered in chap- 
ter 16. 

13—3. Method of Observation 

At altitudes above mean sea level, current 
winds aloft observations are obtained by visual 
or electronic means. 

a. Visual Means, This method is handi- 
capped due to cloud coverage and, at times, dis- 
tance of the balloon from point of observation. 
The two visual means of determining winds 


aloft are pilot balloon (PIBAL) and radio- 
sonde balloon (RABAL). 

(1) FIBAL. A free balloon, filled with he- 
lium so that it has a predetermined ascensional 
rate, is released and observed with a theodol- 
ite. Drafts and turbulence will affect the accu- 
racy. The path that the balloon takes in flight 
is governed by the direction and speed of the 
winds through which it ascends. The theodolite 
is similar to a surveyor's transit and triangu- 
lar calculations determine the velocity. The az- 
imuth angle will determine the wind direction 
at each level. At night, a small battery-pow- 
ered light is attached to the balloon to make it 
visible, The more experienced the observer the 
better the results. One advantage of this 
method is the low cost. 

(2) RABAL, The winds are obtained in a 
similar manner as the PIBAL, but the ascen- 
sional rate is set by pressure-measuring equip- 
ment. This method is more accurate than the 
PIBAL because there is no assumption made of 
the ascension rate of the balloon. In this 
method the observer visually follows the radio 
sounding balloon with the theodolite, 

b. Electronic Means, Electronic equipment 
such as radar or radio is used to increase the 
accuracy of the observation. This also allows 
wind aloft information to be obtained through 
layers of clouds and at higher altitudes than 
other means. The two most common electronic 
means of observing the winds are — 

(1) RAW IN, Radio or radar is used to ob- 
tain the slant range, elevation angle, and azi- 
muth angle to determine the winds aloft. 

(2) RAWINSONDE. This observation 
gives a simultaneous measurement of the pres- 
sure, temperature, humidity, and winds aloft. 
This is a combination of RAWIN and RADIO-, 
SONDE, using pressure to calculate the alti-' 
tude, 
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13-4. Times of Observation 

The standard times for upper wind observa- 
tions are OOOOZ, 0600Z, 1200Z, and 1800Z. 

However, delayed releases may be 1 hour later 
than the above times. PIBAL and some sched- 
uled RAWIN’ are taken every 6 hours. RABAL 
and RAWINSONDE observations are usually 
taken only twice daily at OOOOZ and 1200Z. 

13-5. Headings of Winds Aloft Reports 

The circuit heading consists of three parts, each 
separated by one space. When in the United 
States, some of these parts are omitted^ — 
mainly by the civil circuits. 


a. Content Designator. The designator has 
two or more letters. The first two letters will 
indicate the type of collective : "UC’' is a com" 
bination of PIBAL and RAWIN observations, 
“UG" is for PIBAL collectives, and “UW” is 
RAWIN collective. The third and fourth let- 
ters are geographic locations; e.g., "‘US” is the 
United States. 

b. Circuit. This is a circuit number or the 
station collecting the reports. 

c. Date and Time. This is the date and time 
of transmission (always given in Zulu). The 
date is always given in the first two figures. 
Time is the next four figures and is reported to 


UCUS KJAX 180815 
NQX 

HAT PP 68061 7230^ 55185 06012 77999 

aa 68061 72304 90012 29006 23014 22010 90346 15004 07010 05507 

AHN PP 68061 72311 55285 07517 11022 77999 

QQ 68061 72311 90023 11502 13009 12506 90467 08511 07519 08019 
9089/08519 10525 9123/ 12016 12512 

WAL 

GSO PP 68061 72317 55185 12007 77999 

aa 68061 72317 90023 22004 22521 22015 90467 20008 09508 07010 
908// 06512 


BNA 

CHS PP 68061 72208 55385 10503 11009 12012 55140 21523 77999 


aa 68061 72208 < 
90789 07005 1000( 


10012 07504 13013 13514 90346 12508 08503 07002 
i 11010 91246 09512 11007 12008 920/7 17514' 


1200^9078^07^1138'" 90346 07510 07009 


AYS 

TPA PP 68061 72211 55385 17518 24023 30527 77999 


06005 07508 09010 90346 10512 14014 18019 
90789 21020 22521 23522 91246 25523 26025 29026 920// 2q526 


13^2 


Figure lS-1. Winds aloft reports. 
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WIND 
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END 

17518 

24023 

30527 

77999 



5,000 ft. 

10,000 ft. 
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REPORT INDICATOR 

DATE & TIME 

STATION NO. 

WIND INDICATOR GROUP 



68061 

72211 

90012 


Significant Levels 

Time « O 6 OOZ 

Tampa, Pla, 

Surface, 1,000' 

& 2,000' = 

WIND 

WIND 

WIND 

, WIND INDICATOR WIND 

END 

06005 

07508 

09010 

• 920// 

29526 


Surface 

1,000 Pt, 

2,000 ft. 

20,000' follows 20,000 ft. 



Figure i3-2. Key to winds aloft reports. 


the minute. Example of the heading can he 
seen in figure 13-1. 

1 3-6. Winds Aloft Reports 

There are two transmissions for upper winds 
and each of these are again subdivided into 
two parts. Each part has its own indicator. 
The winds in all transmissions will be given to 
the nearest 5° in reference to true north and 
in whole meters per second or in knots. How 
the velocity will be coded will be indicated in 
the date and time group within the code. A 
sample of the coded winds aloft report is in 
figure 13-1 and in figure 13-2. Figure 13-2 
gives names of each group and under each an 
example of the coded report. The effective date 
for use of this code form in the United States 
was 1 January 1968. 

a. Station Identifier. A three-letter identifier 
is used in the United States. These are the 
same as used in the teletype sequence reports. 

b. Report Indicator, The report indicator 
will help the aviator locate the reported winds 
he desires. The winds will be reported for stan- 
dard pressure levels (PP) or for significant 
levels (QQ). The significant levels will usually 


FIRST TRANSMISSION ; 

(Levels at and belou 100 libs) 

PP = STANDARD PRESSURE LEVELS 
QQ = SIGNIFICANT LEVELS 

SECOND TRANSMISSION : 

(Levels above 100 "MIjs, or approx. 53,000 ft.) 

MM = STANDARD PRESSURE LEVELS 
LL = SIGNIFICANT LEVFXS 

STANDARD PRESSURE LEVELS : Ascending order 

-850 Mbs ’= 5,000 feet approx, 

700 FJbe = 10,000 
500 Mbs = 18,000 
400 Mbs = 23,000 
300 Mbs = 30,000 
200 Mbs = 39,000 
150 Mbs = 45,000 
100 Mbs - 53,000 

The levels repoi'ted in tlie "llM’^ report are 
as follows! 70 Mbs, 50 Mbs, 30 libs, 20 Mbs, 
10 Mbs, 7 Mbs, 5 Mbs, 3 Mbs, 2 Mbs, and 1 
Mb levels . 

Note , FJben both RANIHSOHDE and upper 
winds are reported for the same ascent, wind 
data for standard pressure levels and maxlmuin 
wind will be transmitted in the RAWIHSQHDE 
code and not included in the winds aloft 
reports , 


Figure IS— 5. Part indicaiors and pressure levels. 
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be for every one thousand feet. For simplifica- 
tion, the thousand-foot levels already reported 
for the standard pressure levels can be omit- 
ted. Levels above 10,000 feet are usually given 
for even altitudes up to 20,000 feet and for 

5,000-foot increments thereafter. The report 
(part) indicators are shown in figure 13-3. 

c. Date Wild Time of Observation. The date is 
the first two figures. If 60 has been added to 
the date, the velocities in the code will be in 
knots. Nothing added to the date will indicate 
that the velocity will be in meters per second. 
The time of observation (in Zulu) will be the 
next two figures in whole hours. The last figure 
of the five-figure group will be the type or 
method used for the observation. The table is 
as follows : 

0 = RAWINSONDE 

1 = PIBAL 

2 = RABAL 

3 = RAWm 

4 “ RAWINSONDE but pressure equipment failed 

during ascent. 

d. Station Number, This is a five-figure 
group giving the station location by numbers. 
The fii’st two figures are the area ; e.g., 72 indi- 
cates Eastern United States and Eastern Can- 
ada; 74 indicates Western United States and 
Western Canada. The last three figures are the 
station identifier by number. 

e. Wind Grcnip Indicator, These groups are 
used again and again during the coded mes- 
sage. They indicate the altitude or standard 
pressure level (fig. 13-1). The wind will be re- 
ported following this group. One, two, or three 
wind groups (never more than three) may fol- 
low this group before another indicator group 
is sent. This group differs between reports. 

(1) Indicator' for pi'essure levels. These 
indicators are used in the PP and MM reports. 
The first two figures of a five-figure group indi- 
cate this group in the message and also the 
method used to obtain the pressure levels. The 
44 indicates the levels were obtained by pres- 
sure equipment. The 65 means these pressure 
levels were approximated. The middle figure 
indicates the number of pressure levels to fol- 
ow this group. These will all be standard pres- 
sure levels in ascending order. The last two fig- 


ures will indicate the pressure level of the first 
wind group to follow. For example, 44385 
means that the levels were obtained by pres- 
sure equipment and three wind groups will fol- 
low this group. The 860 millibars pressure 
level will be sent first. The next two wind 
groups would be, in order, 700 millibars and 
500 millibars. Pressure levels will always be in 
ascending order in the code. 

(2) Indicator for significant levels. These 
are used with QQ and LL reports. The first 
figure will indicate this five-figure group and 
the interval the winds will be reported. The 9 
indicates increments of 1,000 feet. The second 
figure will be the tens of thousands digit of 
each of the following wind levels. The last 
three figures will be, each in order of report- 
ing, the thousands digit of the levels to follow 
in ascending order. For example, 90012 means 
that the winds to follow will be the surface, 

1.000- foot, and then the 2,000-foot level winds. 
91246 means that the winds to follow will be 
the 12,000-foot, 14,000-foot, and then the 

16.000- foot winds. 

/. Wind Groups, Wind directions reported 
are in reference to true north and the velocity 
is reported in meters per second or in knots. 
The wind direction is the first three figures of 
a five-figure group coded to the nearest 5°. The 
windapeed is the last two figures reported in 
whole units. When the windapeed is over 99 
units, the hundreds digit of the velocity is 
added to the unit digit of the direction. Five 
zeros (00000) mean calm winds for that level. 
Missing winds, at any level, are coded in the 
message by five slashes (/////). 

24610 « Winds 24B° true~10 wholo units 
24610 » Winds 245' true-llO whole units 

g. Maximum Winds. The maximum wind 
group will be sent in the wind aloft reports PP 
and MM. The 66 or 77 are the indicators if the 
level of maximum winds were determined by 
pressure means. The 6 or 7 will be the indica- 
tors if the winds were determined by linear 
measurements. The altitude of maximum winds 
will follow the indicator in either millibars or 
increments of 30 feet. To report maximum 
winds, they must occur above the 600 millibar 
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level and speeds greater than 60 knots. If max- 
imum winds were not obtained during the re- 
port, 77999 will be sent just before the end. The 
end is always shown by a scattered symbol 
(©'). 

13-7. Interpretation of Winds Aloft 
Reports 

Using the winds aloft reports in figure 13-2, 
an aviator checking the winds over Tampa, 
Fla. (TPA) would find the following winds: 

Code Altitude WmcFs in ascending order 

QQ Surface 060® true-5 knots 

QQ 1,000 ft., — 076“ at 8 knots 

QQ 2,000 ft...- 090“ at 10 knots 

QQ 3,000 ft... ...106“ at 12 knots 

QQ 4,000 ft 140" at 14 knots 

PP 860 Mbs 176“ at 18 knots 

QQ 6,000 ft. 180“ at 19 knots 

QQ 7,000 ft 210“ at 20 knots 

QQ 8,000 ft... 225“ at 21 knots 

QQ - 9,000 ft 236" at 22 knots 

PP 700 Mbs...- ...240" at 23 knots 

QQ 12,000 ft. 266" at 23 knots 

QQ 14,000 ft 260" at 26 knots 

QQ .. 16,000 ft 290" at 26 knots 

PP 500 Mbs 306“ at 27 knots 

QQ -.20,000 ft 296“ at 26 knots 

13-«8. Winds Aloft Charts 

a. Method of Plotting. The National Meteo- 
rological Center prepares winds aloft charts 
from the winds aloft reports. These charts are 
transmitted four times daily, approximately 2 
hours after the standard PIBAL observation 
times. The observed winds for appropriate lev- 
els are plotted on these charts, using the 
^barb and pennant system (fig. 13-4). The 
wind direction to the nearest 10° is repre- 
sented by an arrow flowing with the wind and 
a numeral near the tail of the arrow. A full 
barb length on the wind arrow represents 10 
knots, a half barb 5 knots, and a pennant 50 
knots. The wind represented in figure 13-4 is 
fi’om 280° (W) at 66 knots. 

h. Levels Plotted. Winds aloft charts are 
transmitted over facsimile circuits within the 
United States. There are two winds aloft fac- 
simile charts of special interest to the aviator : 


(1) The lower level chart containing plot- 
ted winds for the second standard level above 
the surface (approximately 2,000 feet above 
the ground) , 5,000-, 8,000-, and 10,000-foot alti- 
tudes above mean sea level (fig. 13-6 ). tAt 

(2) The intermediate level chart contain- 
ing winds for the 14,000-, 20,000;, 25,000-, and 
30,000-foot altitudes above mean sea level (fig. 
13-6). tAt 



■^Figure 13-4, Winds aloft chart station model. 


NOTE 

Winds aloft are also transmitted in chart 
form for levels above 30,000 feet. Supple- 
mentary high altitude wind data may be 
obtained from the coded teletype winds 
aloft reports and from constant pressure 
charts (chap. 14),-^ 

c. Using the Charts. Winds aloft charts are 
useful in representing the windflow pattern 
that existed at the time of the '^observation. 
However, the charts are based on observed 
data several hours old and may not represent 
the wind that will be encountered on a flight 
subsequent to the observation time. For this 
reason, the aviator should also refer to the: 
forecast winds aloft reports (chap. 16) when 
planning his fiight.-Ar | 
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CHAPTER 14 

CONSTANT PRESSURE CHARTS AND HIGH ALTITUDE WEATHER 


14-1. General 

The surface weather map is effective in pre- 
senting pictorial ly the atmospheric conditions 
from the surface to approximately 5,000 feet. 
At altitudes above 6,000 feet, the pressure pat- 
terns and frontal positions begin to change 
shape and location as the surface secondary 
circulation of migratory cyclones and anti- 
cyclones merges gradually into the more con- 
stant primary circulation of the upper atmos- 
phere. Constant 'pressure charts (fig. 14-1) are 
weather maps designed for flights at and above 

6.000 feet. Constant-pressure charts depict the 
weather along a speciflc pressiu'e level, whereas 
surface weather maps depict the pressure 
changes at a constant altitude (MSL). Fur- 
thermore, many weather phenomena occur at 
high altitudes which are unique to these levels 
and do not appear on surface weather maps. 
When flight missions are to be conducted near 
the middle and upper portions of the tropo- 
sphere, it will be necessary for the aviator to 
use weather charts for upper levels, in addition 
to the surface weather map. The constant- 
pressure charts correlate several weather fa- 
cilities in the weather station; i.e., the surface 
weather map, winds aloft charts, and the Skew 
T, log p Diagram. The constant-pressure charts 
for each pressure level are drawn twice each 
day from observations made at OOOOZ and 
1200Z. 

14—2. Levels of Constant Pressure Charts 

The rate in change of pressure with alti- 
tude is controlled by the rate in change 
of temperature with altitude. For example, 
if the temperature of the air decreases 
faster than it should, the pressure level of 
860 millibars, which would be approximately 

5.000 feet in standard atmosphere, may be at 

AGO 8140A 


4,600 feet or lower in the cold air. When the 
temperature lapse rate is less than standard, 
the 850-millibar level may be 5,400 feet or 
higher in the warmer than standard air. The 
heights of a pressure level are also influenced 
by the variation in sea level pressure. A con- 
stant pressure chart for the 8B0-millibar level 
depicts the amount of altitude variation of the 
850~millibar constant pressure level in the at- 
mosphere. Wherever the pressure level varies 
60 meters (approximately 200 feet) , a new con- 
tour line is drawn (fig. 14-1). The same type 
of chart can be drawn for any pressure level 
desired. However, the standard levels with 
which the aviator is concerned are — 

а. 850~Millibar Chart, In the standard at- 
mosphere the 8B0-millibar level is 1,457 meters 
(4,781 feet) . For planning flights at approxi- 
mately 5,000 feet, this chart is the most useful 
(fig. 14-1), 

б. 700-MUlibar Chart, In the standard at- 
mosphere the 700-millibar level is 3,012 meters 
(9,882 feet). This chart is used for planning 
flights near the 10,000-foot level. 

c. 500-Millibar Chart, In the standard at- 
mosphere the 500-millibar level is 5,574 meters 
(18,289 feet). This chart is used for flight 
planning near the 18,000-foot level. At this 
altitude, the atmospheric pressure decreases to 
approximately one-half the mean sea level pres- 
sure value. 

d, 300-Millibar Chart, In the standard at- 
mosphere the 300-millibar level is 9,164 meters 
(30,065 feet). Although few flights in Army 
aircraft are performed at this height, the 300- 
millibar chart is significant in that the sti’ong 
winds of the jet stream, the associated wind 
shear and clear air turbulence, and the tops of 
thunderstorms will frequently appear at this 
level. It is also used for the interpolation of 
temperatures and winds for flights between 
the 18,000- and 30,000-foot levels. 

14—1 


c I, TM 1-300 


i4~3. Source of Data 

Data for plotting constant pressure charts is 
obtained from radiosonde and pilot balloon ob- 
servation. 

a. Radiosonde Obsei'vations. The radiosonde 
is a balloon-borne instrument which contains 
(1) a plastic strip coated with a moisture- 
sensitive film used to measure the moisture con- 
tent of the air, (2) a thermistor to measure the 
temperature of the air at mandatory pressure 
levels, (3) an aneroid wafer which closes elec- 
trical relays as it expands to transmit data at 
specific intervals as the pressure changes, and 
(4) an electrical transmitter which radios the 
data to a surface receiver. The distance be- 
tween the pressure levels at which the radio- 
sonde transmits data is computed by using the 
average air density (temperature) through the 
distance; the speed and direction of the wind is 
determined by radio ground-tracking instru- 
ments (RAWIN observation) . This same data 
is used in the construction of the Skew T, log p 
Diagram and winds aloft reports. Radiosonde 
observations are made twice a day at OOOOZ and 
1200Z at approximately 80 stations iri the 
United States. 

b. Pilot Balloon Observations {PIBAL ) . 
PIBAL observations involve no electrical in- 
strumentation, The observer tracks a constant- 
rate- of -rise balloon through a theodolite (an in- 
strument similar to a surveyor’s transit) and 
obtains the elevation and azimuth angles, which 
are necessary for computing the wind direction 
and speed. Data recorded from the PIBAL ob- 
servations are for altitudes rather than con- 
stant-pressure levels, and the data does not 
contain any information about temperature or 
dew point. At night a .small battery-powered 
light is attached to the balloon for ground 
tracking. PIBAL observations are made four 
times a day at OOOOZ, 0600Z, 1200Z, and 1800Z. 
The winds determined by this method at OOOOZ 
and 1200Z may be plotted on constant-pressure 
charts as supplemental data. 

14*-4. Methods of Plotting 

The station model on the constant pressure 
chart (fig. 14—2) includes the wind direction 
and speed, the altitude of the constant-pressure 


level, the temperature in degrees centigrade 
and the dew point in degrees centigrade. 

a. Wind. 

(1) PIBAL. The wind arrow plotte< 
from the data obtained by PIBAL ob 
servaiion shows the direction fron 
which the wind is blowing ((A), hg 
14-2) . The number appearing at tin 
rear of the shaft indicates the wine 
direction in tens of degrees. A “4’ 
with wind from the southeast quad- 
rant of the compass indicates 14-0^ 
A “4” with wind from the northeasl 
quadrant indicates the direction as 
0^0°. The speed of the wind is shown 
by the barb and pennant system. A 
full barb represents 10 knots wind 
speed, a half barb 5 knots, and a pen- 
nant (flag) 50 knots. When used, the 
half barb is placed part way down the 
shaft to prevent confusion with a 
whole barb. No other data for plot- 
ting can be obtained by PIBAL equip- 
ment. 

(2) RAWIN. The wind plotted from a 
radiosonde observation ((B), fig. 
14-2) shows the direction and speed 
in the same manner as the PIBAL ob- 
servation ((t) above). 

b. Altitude. At stations where the observa- 
tion has been made with radiosonde equipment, 
the altitude of the pressure love! above MSL is 
shown ( (B), fig. 14-2) . On the 850- and 700- 
millibar charts this altitude is plotted in whole 
meters with the first digit missing; e.g., 48B 
represents 1,483 meters on the 860-millibar 
chart and 3,483 meters on the 700-millibai‘ 
chart. On the 500- and 300-millibar charts the 
altitude of the pressure level is indicated in 
tens of meters; e.g., 534 represents 5,340 meters 
and 948 represents 9,480 meters. When work- 
ing with the 850- and 700-millibar charts, the 
aviator must check the chart pressure level in 
the lower left-hand corner of the chart to read 
the altitude properly. A plotted value of 380 
would logically be 1,380 meters at the 860- 
millibar level and 3,380 meters at the 700- 
millibar level, 

0 . Temperature and Deio Point. The tem- 
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ifFigure U-1. (Saperseded) An dSO^iUibar constant pressure charU 
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'^Af'perature and temperature/dew point spread 
are plotted to the left of the station model 
((B) fig. 14-2). Upper air temperatures are al- 
ways in degrees Celsius. When the temperature 
is within 2° C. of the dew point, clouds often 
exist at that level. An “M” indicates missing 
data: “MB” indicates that the quantity of 
water vapor in the air is so low that the instru- 
ment could not measure it.^ 

14—5. Isoline Analysis 

a. Contour Lines {Isohypses) . Contour lines 
are solid black lines joining points of equal ele- 
vation (fig. 14-1). The contour lines are la- 


beled in tens of meters; i.e„ 138 means 1,380 
meters, 294 means 2,940 meters, 646 means 
6,460 meters, and 936 means 9,360 meters. An 
interval of 60 meters between contour lines is 
used on the 850-, 700-, and 500-millibar charts. 
A 120-millibar interval is used on charts at 
and above the 300-millibar level. 

(1) Wind speed and direction can be in- 
terpreted from the contour lines in the same 
manner as from isobars on the surface 
weather map, even though the principle of 
their construction is reversed. The windflow in 
the Northern Hemisphere is parallel to the 
contour lines clockwise around areas of high 


(A) PIBALORRAWIN OBSERVATION 



4 (DIRECTION) 


ON THE 700 mb. CHART 

HEIGHT 3,000 METERS 
WIND DIRECTION 140° 
WIND SPEED 15 KNOTS 


(B) RAWINSONDE OBSERVATION 


(TEMPERATURE) 

-7 

7 

(SPREAD) 



(HEIGHT) 

483 


(SPEED) 

4 (DIRECTION) 


AT THE 700 mb. LEVEL 

HEIGHT 3,483 METERS 
WIND DIRECTION 140° 
WIND SPEED 15 KNOTS 
TEMPERATURE -7°C. 
DEW POINT-14°C. 


'kFigure 14~B, (Superseded) Station model on a constant pressure chart. 
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elevation and counterclockwise around 
areas of low elevation. The closer the 
isohypse spacing, the faster the speed 
of the wind. 

(2) Closed areas labeled with H or L 
are not interpreted as regions of High 
or Low pressure, but are areas of High 
or Low elevation, respectively. A re- 
gion of high elevation on a constant- 
pressure chart may be directly over a 
region of low pressure at the surface. 

(3) Steering levels for the surface pres- 
sure systems may bo obtained from 
these charts. For example, if closed 
contour lines are present up to the 600- 
millibar level, but open contour lines 
appear on the 800-millibar chart over 
the same area, the surface pressure 
system will tend to move in the direc- 
tion of windflow on the 300-milUbar 
chart. Shallow surface pressure sys- 
tems usually move at the greatest 
speed. Most of the winds on the 
charts at 10,000 feet and higher over 
the United States have a west-to-east 
component typical of the primary cir- 
culation. 

b. Isotherms, Isotherms are dashed lines 
joining points of equal temperature at 5° C. in- 
tervals (fig. 14-1), Weather station personnel 
may color these lines red when time permits. 
When the temperatures across a front on the 
constant-pressure charts change as much as 
5® C. in a distance of 200 miles or less, the front 
is usually active. Where isotherms cross the 
contour lines at a sharp angle, warm or cold air 
advection is occurring at that altitude. Cold 
air advection aloft (fig. 14-3)^ tends to fill a 
Low or intensify a High at the surface. Warm- 
air advection aloft tends to deepen a Low or 
weaken a H.gh at the surface (fig. 14-4), 

c. Isotachs, Isotachs are dotted lines join- 
ing points of equal wind speed and are drawn 
on the 300-millibar level constant- pressure 
chart where strong wind speeds generally exist. 
Occasionally isotachs appear on the 600-millibar 
chart if the strong winds dip down to the 
18,000-foot level. Isotachs indicate wind speed 
but not the direction of windflow. Areas of 


strongest wind with close isotach spacing indi- 
cate that the wind speed is changing rapidly in 
a short distance. This abrupt change in wind 
speed causes a shear action which may cause 
clear air turbulence. The greatest wind shear 
is associated with maximum isotach centers. 
The isotachs are drawn for intervals of 25 
knots and the values are circled for ease of 
identification (fig. 14-5) . 

14-6. Jet Stream 

a. Definition. The jet stream is a strong 
meandering current of air near the tropopause 
over the Temperate Zone that changes altitude 
and latitude with the seasons. The windflow 
has a west-to-east component with speeds in 
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excess of 60 knots. At times the jet stream 
takes the form of a continuous river of air en- 
circling the Northern Hemisphere. More fre- 
quently it is found in segments from 1,000 to 
3,000 miles in length, 100 to 400 miles in width, 
and 3,000 to 7,000 feet in thickness (fig. 14-6). 
There are normally two jet stream axes in the 
Northern Hemisphere— one between the arctic 
and polar air masses, and one between the polar 
and tropical air masses. The location of a jet 


stream is indicated on constant pressure charts 
by solid black arrows (fig. 14-5). 

b. Altitude. Jet stream winds are found 
where breaks appear in the iropopause. The 
average height of the tropopause (d below) 
over the United States is 35,000 feet. This is 
the ideal altitude for maximum winds of the 
jet stream core, although jet sti’eams have been 
recorded as low as 15,000 feet and as high as 
60,000 feet. The altitude of the jet stream 



Figure 14-5, hotachs, contour linos, and jet stream as depicted on a .iOQ-millihnr 

constant pressure chart. 
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varies along its course, and the height of the 
complete segment may change slightly from 
day to day. 

c. Latitude. Jet streams are found between 
and C0° north latitude with equal frequency 

in summer and winter. The polar jet migrates 
with the outbreaks of cold polar air from the 
north. During the winter season, the cold air 
may push as far south as Cuba, with the jet 
stream axis as far south as Florida. During the 
summer season, the cold-air outbreaks are weak- 
ened and the jet stream is typically located near 
the Canadian border. Daily variation in lati- 
tude of the jet stream is slight. 

d. Tro'po'pause. The tropopause is the bound- 
ary between the troposphere and the strato- 
sphere. It is not a layer but a plane of transition 
marking the upper limit of the temperature de- 
crease with height, vertical air currents, and 
moisture content. The tropopause is not a con- 
tinuous boundary ; it has large distinct breaks 
above air masses of different density (fig. 
14-7). There is a significant temperature 
change with latitude across these breaks at high 
altitudes. The air south of the break in the 
tropopause is colder than the air north of the 
break because the temperature lapse rate ex- 
tends through a deeper layer of the atmosphere 
to the south. (At the base of the stratosphere, 
temperatures are colder over the Equator than 
they are over the poles.) This thermal gradient 
sets the air into horizontal motion at great 
speeds, and Coriolis force deflects it sharply to 
the east. Thus, a strong flow of westerly winds 
forms at the break in the tropopause ; this flow 
is the jet stream (fig. 14-8). The jet stream 
can frequently be located by following a cold 
frontal surface foom the ground to the point 
where the frontal boundary intersects the 500- 
millibar level. The jet stream is usually above 


this point at an average altitude of 30,000 feet 
(fig. 14-7). 

e. Wind Speed. When jet streams move 
southward, the wind speed tends to increase — 
if two jet streams exist over the United States, 
the more southerly one usually contains the 
stronger wind velocities. Wind speeds up to 
291 knots have been observed in the jet core, 
but the average speed is approximately 160 
knots. The high-velocity winds of the jet stream 
extend for a great distance along the length of 
the stream, but decrease rather rapidly above, 
below, and on either side of the central core of 
maximum winds (maximum isotach centers) 
(fig. 14-9). 

/. Wind Shear. The wind speed of a jet 
stream decreases rapidly to the north (polar air 
mass side) and more slowly to the south (trop- 
ical air mass side) . The horizontal wind shear 
(change in wind speed in the horizontal plane) 
outward from the jet stream core may be as 
much as 100 knots in 100 miles north of the 
stream and as little as 25 knots in 100 miles 
south of the stream. The vertical shear (change 
in wind speed with height) may be 3 to 4 knots 
per thousand feet above and below the maximum 
wind core. If the aviator encounters an adverse 
jet stream, a descent or climb toward the polar 
side of the stream will effect the most abrupt 
decrease in headwind velocity. 

g. Clear Air Turbidence. Extreme wind- 
shear areas (8 knots per 1,000 feet) may cause 
clear air turbulence, which denotes the bumpi- 
ness sometimes experienced while flying in 
cloudless skies at high altitudes. This bumpi- 
ness may be of sufficient intensity to cause 
serious stresses on the aircraft and physical 
discomfort to the aviator. Clear air turbulence 
is generally associated with changing wind 
velocities with height (vertical-wind shear) in 
and near the maximum wind speed centers of 
the jet stream. The length of the turbulent 
area varies from 50 to 100 miles, the width 
from 5 to 20 miles ; the thickness averages 2,000 
feet. If the aviator encounters significant clear 
air turbulence, he should change altitude to 
avoid the strong wind shear and follow proce- 
dures established in the specific operator’s man- 
ual for flight in turbulent air. 
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Fiffure Windflaw in a jet stretm. 


14-7. Contrails 

a. General. The formation of condensation 
trails, commonly called cont7'ails, presents seri~ 
OU8 problems to aircraft operating^ against an 
enemy. Contrails hamper operations by reveaU 
ing the location, number, course, and type of air- 
craft. Even if enemy radar units are jammed, 
the aircraft can be visually spotted. The cirrus 
clouds formed by the contrails may interfere 
with formation flights in rendezvous areas for 
several hours. The two types of contrails are 
aerodynamic and engine exhaust. 

(1) Aerodynamic Contrails, Aerodynamic 
contrails are caused by the reduction 
of pressure when air flows at high 


speed past an airfoil. They form at 
the tips of wings and propellers during 
performance of extreme flight maneu- 
vers, such as sharp pullouts and high- 
speed diving turns. They occur at 
altitudes where the atmosphere is near 
saturation. These trails are of short 
duration; a small change in altitude 
or reduction in speed may stop their 
formation. 

(2) Engine Exhaust Contrails. Exhaust 
contrails from aircraft engines form 
when the water vapor in the exhaust 
gas mixes with and saturates the air 
through which the aircraft is flying. 
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Figure 1^~9, Vertical %omd speed vm iation 
in a jet stream. 


Aircraft fuel is a hydrocarbon which, 
upon combustion, results in the addi- 
tion of water vapor and sublimation 
nuclei to the wake of the aircraft. The 
amount of exhaust contrail formation 
is a function of relative humidity, pres- 
sure, and temperature. The maximum 
period of exhaust contrail formation 
is in the winter season. In very cold 
arctic air, these contrails may even 
form at the surface. A change in alti- 
tude or power setting may eliminate 
exhaust contrails. 

6. Relaiio7i of Contrails to Ciirus Clouds. A 
band of cirrus clouds approximately 100 miles 
wide extends from horizon to horizon below and 
to the south of a typical jet stream. Contrails 
forming near this cirrus band are difficult to 
distinguish from the original cloud layer. 

14-8, Haze Layers 

Haze layers invisible to ground observers are 
frequently encountered in the upper tropos- 
phere, The base of the haze layers is a gradual 
transition from clear sky to thick haze, but the 


tops have a more definite boundary. Although 
the horizontal visibility above the haze is excel- 
lent, air-to-ground visibility is sometimes re- 
duced to zero, especially when the rays of the 
sun intersect the layer at an angle. Generally, 
high-altitude haze layers form in stagnant air 
masses. 

14—9. Canopy Static 

Canopy static is similar to precipitation static 
encountered at lower levels. When solid par- 
ticles of ice crystals in cirrus clouds, dust, or 
of dry haze layers brush against the aircraft 
canopy and structural surface, they build up a 
static electric charge on the surface. The dis- 
charge of this electricity into the air or within 
the aircraft produces static in the radio equip- 
ment and is disconcerting to the aviator. The 
discharges can occur in rapid succession and 
can be observed visually within the aircraft as 
a continuous electrical disturbance. A change 
of altitude to remove the aircraft from the fric- 
tional contacts and/or a reduction in airspeed 
to reduce the skin friction should eliminate the 
canopy static. 

14—10. Altimeter Error 

Under certain conditions of temperature and 
pressure, the combined error in the altimeter 
reading at flights near 18,000 feet may be as 
much as 2,000 feet. Figure 14-10 illualrates a 
flight from an ai’ea of standard atmospheric 
pressure and temperature (Station G) to an 
area of surface high pressure with cold air 
(Station D). Although altimeter settings are 
received at regular intervals along the route 
and inflight corrections are made accordingly, 
a disastrous loss of altitude occurs along the 
2 ’oute. 

a. The 700-millibar constant-pressure chart 
indicates that the pressure level is at 10,000 
feet over the point of departure (G) and de- 
creases in altitude to 0,400 feet over the moun- 
tains (D) . At flight level the aii'craft is flying 
into a x’egion of low pressure-elevation aloft. 
Following the 700-millibar pressure level with- 
out changing the altimeter setting will I'esult in 
an indicated altitude of 10,000 feet while the 
aircraft is actually descending to 9,400 feet. 
The altimeter would read 600 feet higher than 
the true altitude of the aircraft. 
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h. Resetting the altimeter over Station F will 
add 180 feet to the indicated altitude; i.e., the 
difference between 30.10 and 29.92 is eighteen- 
hundredths of an inch — the equivalent of 180 
feet of altitude where 1 inch is equal to 1,000 
feet of altitude. The aviator will descend 180 feet 
to remain at the indicated 10,000-foot altitude. 

c. Over Station E the aviator will descend 
another 200 feet after resetting his altimeter 
for the surface pressure. 

d. Over Station D, resetting the altimeter 
will cause him to descend another 300 feet to 
remain at an indicated 10,000 feet. 

e. The total error in the indicated altitude 
due to surface altimeter settings is 680 feet; 


10 June 1963 

i.e., the altimeter would read 680 feet higher 
than the true altitude of the aircraft. When 
this error is added to the 600-foot error caused 
by the lowering of the 700-millibar pressure 
level aloft, as determined from the constant- 
pressure chart, the total combined error is 1,280 
feet. The aircraft is actually 8,720 feet from 
MSL while indicating 10,000 feet of altitude. 
By realizing this before takeoff, the aviator will 
recognize that the minimum acceptable flight 
altitude for traversing the 9,000-foot mountain 
ranges around Station D will be 11,000 feet. 
With proper flight planning and use of weather 
station facilities, this type of error can be 
avoided. 
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CHAPTER 15 

RADAR AND WEATHER 


15-1. General 

Radar engineering developments in the past 
few years have produced weather observing 
capabilities that offer a unique service for the 
meteorologist and the aviator. Radar is now 
an integral part of the science of meteorology 
and an effective aid in all-weather flying. 
Weather radar is now standard equipment on 
most large aircraft and is also installed on 
many smaller aircraft. 

15-2. Basic Principles of Radar Set Operation 

Radar equipment consists essentially of a 
very-short-wave-directional radio transmitter 
and receiver. The transmitter emits brief pulses 
of energy which are radiated from the antenna 
in a directed beam. By electronic timing of the 
interval (microseconds) between the emission 
of the transmitted signal and the reception of 
the reflected signal (coho), it is possible to de- 
termine the distance to a reflecting object. A 
good weather radar set at weather stations has 
an average range of 150 to 200 miles, although 
under some atmospheric conditions the range 
is much greater. The distances and bearings of 
detected objects are electronically computed and 
automatically depicted on the radar scope. By 
continuous scanning, the operator maintains a 
representation of the reflecting objects on the 
radar scope. 

15-3. Echoes 

The intensity (brightness) of the reflection 
on the scope i.s a direct indication of the size 
and number of water droplets, ice particles, 
and/or precipitation in the atmosphere. 

a. On a standard weather-detection radar 
scope, many or large raindrops or hail produce 
strong echoes; fewer or smaller liquid drops 
'i and snowflakes produce weaker echoes; and 


cloud particles are so small that they produce 
very weak echoes or none at all. 

5. Radar shows only that portion of a storm 
which contains water droplets or ice crystals of 
sufficient size and/or number to produce the 
echoes on the scope. 

c. Once a storm area has been detected, the 
movement and changes in size and intensity 
can readily bo determined by making successive 
observations. To assist in issuing hurricane 
warnings and forecasts, several storm-deteetion 
radar sets have been installed along the coasts 
of southern and eastern United^ States where 
hurricanes are common. 

15-4. Airborne Radar (Weather) 

Airborne weather radar is of great value to 
aviators in locating and avoiding turbulent 
weathei*. That is, the intensity of precipitation 
is a primary indication of the amount of turbu- 
lence within a storm; strong drafts and gusts 
arc nedessary to support water drops of signifi- 
cant size and quantity. Thus, since the relative 
intensities of precipitation can be detected by 
radar, the aviator can select a comparatively 
safe and smootli flight path in thunderstorm 
areas by avoiding the localized areas of heavy 
precipitation indicated on the radar scope. A 
complete discussion of the APN-158 airborne 
weather radar set is contained in TM 1-225. 

15-5, Radar Reports (RAREPS) 

The surface weather radar sets now in opera- 
tion are used to identify and track storms over 
most of the United States east of the Continen- 
tal Divide. Every hour the stations which 
observe significant radar echoes transmit tho. 
information on the weather teletypewriter 
circuits. These transmissions are known as 
RAREPS. All stations, and especially tViosic 
which are not equipped with radar sets, receive 
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much valuablG information from RAREPS. An 
example of a RAREP is as follows: 

CNTRL GLF STATES 
r,RKN LN STG 20 WIDE 50 NE MSY 30 
NW MGM TOPS 420 WITH VRY STG 
CELL 45 W MGM CELLS 40. 
Proi)erly interpreted, this RAREP is a report 
for the central Gulf States. It reports a broken 
htorm line of strong intensity, 20 miles wide, 
from 50 miles northeast of New Orleans 
(MSY) to 30 miles northwest of Montgomery 
(MGM) The cloud tops extend to 42,000 feet 
(MSL). A very strong cell is located 46 miles 
west of MGM. The cells are moving east- 
north-east at 40 knots. 

15—6. Radar Summaries 

Every 3 hours, beginning at OOOOZ, all RA- 
REPS are plotted on charts (maps) and trans- 
mitted over the facsimile circuit (para 12-1). 
These charts are prepared at the weather cen- 
tral In Kansas City by the Radar Analysis and 
Development Unit. If an aviation severe 
jreather jcarning forecast {WW) is in effect 
for an area of the United States, the area will 
be outlined by dotted black lines on the chart. 
The identification number of the WW’s and 
their valid times will be shown in the lower 
left corner of the chart (figs. 15-1 through 
15-4). 

«. Four consecutive radar summary charts 
are illustrated by figures 15-1 through 16-4. 
This series of charts depicts the development 


and movement of storm areas across the 
United States. 

b. Figures 16-1 through 15-4 are inter- 
preted by using a legend (fig. 16-5) . 

15-7. Metro (Pilot to Forecaster Service) 

A pilot to forecaster service called METRO is 
available to aviators in flight on a standard 
frequency,')^ 

Frequencies used by METRO are listed in 
the DOD FLIP. Contact should be established 
by monitoring the frequency and giving the 
call sign of the receiving station, followed by 
the word METRO. Eor example, “Eglin, 
METRO, this is Army 12345. Over.” 

b. After contact with METRO is estab- 
lished, the aviator in flight has all the services 
that the forecaster is capable of providing, 
such as RAREPS, PIREPS, sequence reports, 
winds aloft reports, severe weather warnings, 
and forecasts. 

c. The appropriate FAA facilities will be 
notified before tuning the radio to METRO, 
and upon return to the appropriate FAA fre- 
quency, 

NOTE 

This service is of special significance when 
the aircraft is not equipped with radar. 
The aviator is frequently able to obtain 
complete radar coverage of the flight area 
from the forecaster on the ground. 











•^Figure 15-2, (Superseded) Sadar summarj/ ADD’S MKC 11U5Z, 12 June 1968. 




•jcFiguure ISS, (Superseded) Radar summary ADTJS MKC IHSZj 12 June 1968. 



'kFigwre 15~U. (Superseded) Radar summary ADUS MKC 17U5Z, 12 June 1968. 
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i(Figv/re^ 15~5. (Superseded) ExplaTuxtion of radar summary chart. 
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CHAPTER 16 
FORECASTS 


Section I. INTRODUCTION 


16-1. General 

The aviator planning a flight is concerned with 
observed and forecast weather conditions along 
his route. Teletype sequence reports^ surface 
weather maps, winds aloft reports, and atmos- 
pheric diagrams are consiilled for past and 
present weather information. Weather fore- 
casts for a proposed flight are available from 
several types of weather facilities. 


16-2. Types of Forecasts 

Forecasts are available at the weather station 
in the form of teletype transmissions, locally 
prepared forecasts, and facsimile prognostic 
charts. The aviator may also be advised of the 
development of potentially hazardous weathc'r 
by radio transmission during flight. Each of 
the many types of forecasts i.s designed to 
serve a specific function, so each varies to .some 
extent in format and scope. 


Section II. TELETYPE FORECASTS 


16—3. (Rescinded) Regional Forecast 

1 6—4. Area Forecast 

Or. General. Area forecasts (fig. 16-2), pre- 
pared daily for transmission over FAA tele- 
type service A at approximately OlOOZ, 0700Z, 
130 OZ, and 1900Z, present more specific flight 
conditions than regional forecasts. They give 
the expected conditions for a 12-hour period, 
with an outlook section for an additional 12 
hours, and cover a smaller geographical area 
than the regional forecasts. 

Figure 10~1 - Rescinded. 

'^b. Intei'pretation of Area Forecast (fig. 
16-2). In the circuit heading, FA is the area 
forecast identifier, and GSW is the station 
identifier. This forecast was transmitted on the 
6th day of the month at 1846 Zulu time. The 
forecast is valid from 1900Z Monday until 
0700Z Tuesday for an area covering northwest- 
ern, north-central, and northeastern Texas and 
Oklahoma. All heights are above sea level un- 
less noted. 

(1) Synopsis, A weak trough aloft over 


northwestern Texas will move eastward and 
continue to weaken. 

(2) Clouds and weather. From 19()0Z 
until 0300Z, over southeastern Oklahoma and 
northern Texas, along and south of the Mid- 
land — Wichita Falls — Forth Smith line, at an 
altitude of 3,000 to 5,000 feet, clouds will he 
scattered variable to broken, along with widely 
scattered ceilings of 3,000 feet overcast and 4- 
mile visibility with thunderstorms and rain 
showers. Cumulonimbus lops will be possible 
up to 45,000 feet. After 0300Z, clear to 10,000 
feet, scattered and thin broken to 30,000 feet. 

(3) Flsewkere. Elsewhere over the area, 
there will be thin scattered clouds at an alti- 
tude of 30,000 feet with 4,000 to 6,000 feet 
scattered clouds above the ground, clearing 
after 0300Z. 

(4) Icinff, Locally, heavy mixed icing will 
occur in the clouds and in precipitation in the 
vicinity of the thunderstorms above the freez- 
ing level. The freezing level will be from 
14,500 to 16,000 feet. 

(6) Tw'bvlence, Locally, there will be se- 
vere turbulence at all levels in and near the 
thunderstorms. 
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FA GSW 051845 
I 9 Z aON-07Z TUE 

NWRN N CNTRL NERN TEX OKLA 

HGTS ASL UNLESS NOTED. 

SYNS, WK TROF ALF OVR NWRN TEX HL MOV EWD AND OONT TO WKN. 

OLDS AND WX. 19Z-03Z SERN OKLA AND NRN TEX ALG AND S OF MIDLAND 
WICHITA FALLS FORT SMITH LN 30-50<DWI> AGL WITH WDLY SCTD C3£»4TRW 
CB TOPS TO 450 PSBL. AFT 03Z CLR TO 100D300-®. 

ELSW 300 -® TO 40-60® AGL 8 CMG CLR AFT 03Z, 

ICG. LCLY HVY MXD ICGICIP VCNTY TSTMS ABV FRZG LVL 145-155. 

TURBC. LCLY SVR ALL LVLS IN AND NR TSTMS. 

OTLK 07Z-19Z TUE. NERN TEX PATCHY GNDFG RESTRG VSBY 3-5 MIS FOR 
SVRL HRS AFT DABRK. SCTD CU DVLPG AFT 15Z THRU MOST SECTIONS. 

ii^Figwre 16-2, (Superseded) Area forecast. 


(6) Outlook. From 0700Z to 1900Z Tues- 
day, ill northeastern Texas, patchy ground fog 
will restrict visibility from 3 to 6 miles for sev- 
eral hours after daybreak. Scattered cumulus 
will develop after 1600Z through most sec- 
tions. 

16-5. Terminal Forecasts 

Gemrnl Terminal forecasts (figs. 16-8, 
16-4, and 16-4,1) are prepared 4 times daily 
by civilian and military aviation terminals. 


Weather Bureau terminal forecasts are valid 
for either 12- or 24-hour periods, and are pre- 
pared at approximately 0600Z, llOOZ, 1700Z, 
and 2300Z. They are transmitted on FAA tele- 
type service A, The Navy forecasts are valid 
for 24-hour periods and are prepared every 6 
hours. The Terminal Aerodrome Forecast (flg. 
16-4.1) is used Avorld^vide by all Air Weather 
Service units. The general format changes sig- 
nificantly from the old to the new codes, but 
there is little difference between the Terminal 


FT1 27104? 

11Z FRI - 23Z FRI 

MSY 25iK15^ 1818 OCNLY C25II> SCTD TRW OCNLY C5X1/2TRW+. 
182 C 15 ® 1415 WDLY SCTD TRW. ^ / m . 

1 CJOCiC'TO Ui AAA ^ .... ^ ^ 

8®2TRW+. 20Z 0190) 1818 

•EW TRW. 

2® 1615 OCNL TRW. 22Z 


^ecast, Weather Bureau, 



C3, TM 1-300 


FTUS 2^3 021400Z 

VALID 021400Z TO 031400Z 


NQX «X^3F 9905 

1 5z 8 n> 3 F 9908 
I 7 Z 200 ) 1200)10 1610 

22Z 2^01200)10 1610 QNH 2988 

INTER 30®5tRW 


NDP 12flDl5 2012 

15Z 201P15 2015G20 

I 9 Z 4001200)15 2018G28 
03Z 12001 5 201 5 QNH 2986 


'kFigure (Superseded) Terminal forecast, Navy. 


Aerodrome Forecast and the Meteorological 
Terminal Aviation Report (ftg. 11-14). 

h. Interpi'etation of Terminal Forecast, 
Weather Bureau (Fig, 16—3). Forecast ceilings 
are preceded by the letter C. Visibilities ex- 
pected to exceed 8 miles are omitted, as are 
winds below 12 knots. When more than one 
layer of clouds is expected, the layers are indi- 
cated in ascending order of height from left to 
right. The times of expected significant 
changes are indicated in the body of the fore- 
cast, 

(1) Circuit heading. In the circuit head- 
ing (fig. 16-3), the FT is the identifier for ter- 
minal forecasts, 1 identifies a 12-hour forecast 
and 271045 (Z) is the date and time group. The 
forecast is valid from llOOZ Friday until 2300Z 
Friday for the area covered by the forecast.-^ 


(2) Forecast for Moisant, New Orleans, 
La. (MSY). Scattered clouds are forecast at 

2.600 feet, ceiling 15,000 feet with broken 
clouds, and the wind will be from 180° ic 

18 knots. Occasionally the ceiling will be 2,500 
feet with broken clouds. Scattered thunder- 
storms and rain showers will occasionally 
produce ceilings of 500 feet, with the sky ob- 
scured, and visibility will be one-half mile in 
thunderstorms and heavy rain showers. By 
'ArlSOOZ, the ceiling will be 1,500 feet with 
'Arbroken clouds, the wind will be from 140° 
at 16 knots, and thunderstorms and rain show- 
ers will be widely scattered. 

(3) Forecast for Lake Charles, La. (LCH) . 
Ceiling is forecast to be 1,000 feet with bi^oken 
clouds, 4,500 feet overcast sky, visibility of 5 
miles in thunderstorms and rain showers, the 
wind is forecast to be from 140° at 16 knots 
with gusts to 20 knots; in scattered areas the 
ceiling is forecast to be 800 feet, overcast, and 
a 2-mile visibility in thunderstorms and heavy 
rain showers. By 2000Z, the forecast is: ceiling 

1.600 feet with broken clouds, wind from 180° 
at 18 knots, and scattered thunderstorms and 
rain showers; by 2200Z, ceiling 800 feet over- 
cast, visibility 5 miles in fog, wind from 180° 
at 12 knots, and a few thunderstorms and rain 
showers. 

•A: (4) Forecast for Shrcuc})ort, La, (SHV) . 
Ceiling is forecast to l)e 300 feet overcast, visi- 
bility 1 mile in light drizzle and fog. Scattered 
sections with ceilings of 800 feet ovei'cast and 
visibility 2 miles is forecast to occur in ihun- 


FTUS 274 KWRF I 9 I 000 Z 
TAF 

A EX 1010 KAEX 00000 0200 42FQ 9//03 aNH 301 01 NS CIG03 

RAPID 1112 99903 0800 50DZ 44FQ 5STl5 3CI80 QNH 301 01 NS SKY -X CIQI 5 

I NTER 1114 99903 1600 44FG 3ST06 40 1 80 

QRADU 1416 15008 9000 4CU30 4CI80 QNH 3003 1 NS RASH/TS VCNTY 19Z-01Z 

C1Q80 

TEMPO 1617 18015/30 9000 2CU25 6C|80 QNH 30001 NS C|Q80 

QRADU 1705 99903 CAVOK 5CI80 QNH 300^1NS CIG80 

BAD 1010 KBAD I 9015 0800 99 XXTS 8CB10 68619 59109 QNH 2985 INS CIQ10 

PRESFR 

QRADU 1 320 9991 0 8000 8SC30 51 003 55302 QNH 29801 NS C I Q 30 

QRADU 2223 34015 5000 58RA ^CB 20 65625 54208 QNH 2978 INS C1Q20 

QRADU 2308 30015/25 9000 8SC25 (iNH 2990 1 NS CIG25 95 TS VCNTY 


'^Figwre Teryninal aerodrome /orecast (TAF), 
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derstorms and rain showers. By 2000Z, the 
forecast is: ceiling 1,200 feet broken, wind 
from 160° at 15 knots, and occasional thunder- 
storms and rain showers. By 2200Z, the fore- 
cast is: ceiling 800 feet overcast, visibility 6 
m’'les in fog, and a few thunderstorms and rain 
showers. 


^c. Interpretation of Terminal Forecast, 
Navy (fig. 16-4). The interpretation of the 
Navy terminal forecast is similar to that of the 
'Weather Bureau forecast (6 above). Some 
minor variations are — difference in selection 
and spelling of many of the contractions, and 
forecast of the minimum altimeter setting 
(which follows the identifier QNH). For exam- 
jyle- ■ 

(1) In the circuit heading (fig. 16-4), 253 
is the geographical circuit area number, 02 is 
the day of the current month, and 1400Z is the 
time the forecast becomes valid. 


(2) At 1400Z, NQX (Key West, Fla, 
NAS) forecasts a partial obscuration with a 
S 00-feet overcast, 3-mile visibility in fog, and a 
variable wind at 5 knots. At 1500Z, the clouds 
■w’!! become broken at 800 feet with 3-mile vis- 
ibility in fog and the wind will be variable at 8 
knots. At 1700Z, scattered clouds will exist at 
2,000 feet and 12,000 feet; visibility will be 10 
miles with a south-southeast wind at 10 knots. 
At 2200Z, the cloud layers will be scattered at 
2,500 feet and 12,000 feet, 10-mile visibility, 
south-southeast wind at 10 knots. Broken 
clouds with 5-mile visibility in thunderstorms 
and rain showers will also be in the vicinity. 
The minimum altimeter setting (QNH 29.88") 
is given for the forecast period. 


Interpretation of Terminal Aerodro'i 
F^orecast {TAF) (fig. 16-4.1). The TAF code 
piepared and transmitted every 6 hours by 
Air Weather Service units. A new and diifi 
eiit set of weather symbols are used to enco 
tke weather in the new codes. The most sign! 
cant changes are probably the items in repoi 

''' amount 

clouds m eighths. The altimeter setting m 
occasionally be given in millibars. 

Jng (fig. 16-4.1) the FTUS is the identifier f 


the TAF code, the 274 is a circuit area number, 
and the 191000Z is the date and time group. 

(2) Time and location. Each station iden- 
tifier (AEX and BAD) is followed by the valid 
time of the forecast (1010), which indicates 
the forecast is valid from lOOOZ to lOOOZ. The 
four letters KAEX and KBAD ave the interna- 
tional location identifiers for which the fore- 
cast applies (fig. 11-16 and 11-16). 

(3) Forecast changes. The first line of the 
forecast gives the expected weather conditions 
at the time of the forecast. Following the first 
line there will be several lines of forecast 
weather. The number of lines will depend on 
how often the weather conditions are expected 
to change during the forecast period. 

(a) Rapid changes. In figure 16-4.1, 
station AEX (2nd line) is forecasting rapid 
changes in the weather between llOOZ and 
1200Z (RAPID 1112). The expected changes 
follow the time group. Rapid is used instead of 
gradual (GRADU) when the changes are ex- 
pected to take place during a period lasting 
less than half an hour. 

{h) Intermittent changes. In figure 
16-4.1, station AEX (3d line) is forecasting 
intermittent changes between llOOZ and 1400Z 
(INTER 1114). This is used if changes are ex- 
pected to occur frequently for short periods of 
time with conditions fluctuating almost con- 
stantly throughout the period. The intermit- 
tent conditions arc given after the time group. 

(c) Gradual changes. In figure 16-4.1, 
station AEX (4th lino) is forcca.sting gradual 
changes in the weather between 1400Z and 
1600Z (GRADU 1416). Gradual is used when 
constant changes are expected to occur 
throughout the period. 

(d) Temporary changes. In figure 
16-4.1, station AEX (6th lino) is forecasting 
temporary changes between 1600Z and 1700Z 
(TEMPO 1617). Temporary is used if changes 
are expected to last for a period of less than 1 
hour in each instance and changes take place 
throughout the forecast period, 

(4) Wind velocity, The surface wind ve- 
locity is reported in degrees and knots by five 
numerals. The first three numerals indicate the 
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direction (to the nearest 10°) with reference 
to true north. A wind from thirty degrees 
would be reported as 030, while a wind from 
three hundred degrees would be reported as 
300. The next two numerals indicate the wind- 
speed to the nearest knot. For example, 07015 
indicates a surface wind from 070° at 16 
knots. 

(a) A calm wind is reported as 00000. 

(b) A maximum wind is reported when 
it exceeds the average wind by 10 knots or 
more. For example, 18012/36 indicates the 
wind direction is from 180° at 12 knots with a 
maximum wind at 36 knots. 

(c) A variable wind direction is re- 
ported as 999. For example, 99905 indicates 
the wind direction is variable and the wind- 
speed is 6 knots. 

(6) Visibility, The surface horizontal vis- 
ibility is reported in meters. When the visibil- 
ity is less than 5,000 meters, it is reported to 
the nearest 100 meters. If the visibility is be- 
tween 6,000 and 9,000 meters, it is reported to 
the nearest 1,000 meters. For example, 0700 in- 
dicates the visibility is 700 meters and 8000 in- 
dicates the visibility is 8,000 meters. If the vis- 
ibility is greater than 7 miles, it is reported as 
9999, providing there is a ceiling below 10,000 
feet ((8) below). 

(6) Weather and obstructions to visibil- 
ity. The forecast weather and obstructions to 
visibility are reported in a code of numbers 
and letters (fig. 11-17). The numbers permit a 
full description of the reported condition ; 
whereas the letter abbreviations give only a 
categorical description. For example, 60DZ 
42FG indicates the forecast weather and ob- 
structions to visibility are drizzle and fog. In 
figure 16-4.1, station AEX is forecasting the 
following on the third line : Intermittent 
changes between llOOZ and 1400Z; wind veloc- 
ity is variable at 3 knots ; visibility is 1,600 me- 
ters ; obstruction to visibility is fog with a code 
number of 44. 

(7) Cloud group. The cloud group has 
three parts — ^the cloud amount (reported in 
eighths), cloud type (fig. 11-18), and base of 
cloud layer above the ground (fig. 11-19). The 
cloud group will be repeated as necessary to in- 
dicate the cloud distribution. The groups will 


be arranged in ascending order of the height o] 
cloud layer bases. When clear skies are pre 
sent, the group is not used. The ceiling is th( 
height at which the summation of cloud layers 
at and below the height exceeds 4/8. Clouc 
bases are entered as two digits. Heights fron 
100 to 6,000 feet are encoded 01 to 60. Foi 
cloud bases above 5,000 feet, the figure 60 musi 
be subtracted from the code figure to obtaii 
the correct cloud base. For example, BSC 25 in- 
dicates 6/8 stratocumulus at 2,600 feet above 
the ground. The groups 3CU16 6AC68 8CI80 
indicate 3/8 cumulus at 1,500 feet; 5/8 altocu- 
mulus at 15,000 feet (65 - 50) ; and 8/8 cirrus 
at 30,000 feet (80 - 50) . An exception to this 
is a total obstruction. When this occurs and if 
the vertical visibility is 600 feet, it would be 
reported as 9//05. In figure 16-4.1, station AEX 
is forecasting the following at lOOOZ (Ist 
line) : The wind is calm, visibility is 200 me- 
ters, obstruction to visibility is fog with a code 
figure of 42, the ceiling is 300 feet (9//03) . 

(8) CAVOK. This will be used in place of 
visibility and clouds when the following condi- 
tions are reported simultaneously: 

(a.) Visibility is 10 kilometers or more. 

(b) Lowest cloud layer is 4/8 or less 
coverage, height of bases is 10,000 feet or 
above, and cumulonimbus are not observed. 

(c) No precipitation or thunderstorms. 

(9) Forecasting icing conditions. Forecast 
icing conditions are given in a five-digit group 
that begins with the figure "6.” There may be one 
or more icing layers (groups) forecast. For ex- 
ample, 63403 is decoded as follows : The figure 
6 is an icing indicator, which means that this 
group of numbers pertains to forecast icing; 
the figure 3 indicates the type and intensity of 
icing (fig. 16-4.2) ; the 40 indicates the base of 
the icing layer (fig. 11-19) is 4,000 feet above 
the ground ; the last figure indicates the thick- 
ness of the icing layer^ — ^the figure 3 indicates 
the icing layer is 3,000 feet thick (fig. 16-4.3). 
In figure 16-4.1, station BAD is forecasting the 
following conditions to occur at lOOOZ (1st 
line) : The wind velocity is expected to be 
190°/16 knots; the visibility is 800 meters; 
heavy thunderstorms (99XXTS) ; 8/8 cumulon- 
imbus at 1,000 feet above the surface; heavy 
icing in the cloud at 11,000 feet above the sur- 
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I 

9 


NONE OR TRACE 
LIGHT ICING 
LIGHT ICING IN 

light icing in 

MODERATE ICING 
MODERATE ICING 
MODERATE ICING 
HEAVY ICING 
HEAVY ICING IN 
HEAVY ICING IN 


CLOUD 

PRECIPITATION 
IN CLOUD 

IN PRECIPITATION 
CLOUD 

PRECIPITATION 


'if Figure Type and intensity of icing {TAF), 


0 UP TO TOP OF CLOUD 

1 1000 FEET 

a 2000 FEET 

3 3000 FEET 

4 4000 FEET 

5 5000 FEET 

6 6000 FEET 

7 7000 FEET 

8 8000 FEET 

9 9000 feet 


icFigiirc Thickness of icing or turbulent 

layer (TAF). 


face and the thickness of the icing layer is 
9,000 feet. 

(10) Forecast turbulent conditions. Fore- 
cast turbulent conditions are given in a five- 
digit group that begins with the figure “6.” 
There may be one or more turbulent layers 
< groups) reported. For example, 62304 is de- 
coded as follows: The figure 5 is a turbulence 


indicator — this means that this group of num- 
bers pertains to forecast turbulence; the figure 
2 indicates the type and intensity of turbulence 
(fig. 16-4.4) ; the 30 indicates the base of the 
turbulent layer (fig. 11-19) is 3,000 feet above 
the ground ; the last figure indicates the thick- 
ness of the turbulent layer — the figure 4 indi- 
cates the turbulent layer is 4,000 feet thick 
(fig. 16-4.3). In figure 16-4.1, station BAD is 
forecasting the following conditions to occur 
between 1300Z and 2000Z (3d line) : The wind 
will be variable at 10 knots ; the visibility will 
be 8,000 meters; 8/8 stratocumulus at 3,000 
feet above the surface ; light turbulence with a 
base below 100 feet and the thickness of the 
turbulent layer is 3,000 feet; another turbulent 
layer is forecast to be moderate in clouds and 
frequent, the base is expected to be at 8,000 
feet, and the thickness is forecast to be 200 
feet. 

(11) Forecast minimum alUmeter setting. 
The altimeter setting is reported along with 
the units, which may be either inches of mer- 
cury or millibars. For example, in figure 
16-4.1, station AEX (1st line) is forecasting a 
minimum altimeter setting (QNH) as 30.10 
inches of mercury, while station BAD (1st 
line) is forecasting a minimum altimeter set- 
ting (QNH) as 29.86 inches of mercury. 

(12) Ceiling height. The height of the 
ceiling is forecast by using the same code fig- 
ures that are used for forecasting the base of 
clouds (fig. 11-19). For example, in figure 
16-4.1, station BAD is forecasting a ceiling of 
2,600 feet (CIG26) between 2300Z and 0800Z. 
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ONE 

IGHT 


)DERATE, CLEAR AIR, INFREQUENT 
)DERAT£, CLEAR AIR, FREQUENT 
)DERAT£, CLOUDS, INFREQUENT 

)Derate! clouds! frequent 

:VERE, CLEAR AIR, INFREQUENT 
iVERE, CLEAR AIR, FREQUENT 
:VERE, CLOUDS, INFREQUENT 
:VERE, CLOUDS. FREQUENT 
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(13) Remarks. The remarks are appended 
to the report to give the aviator detailed infor- 
mation for flight planning. Some of the re- 
marks are in code, while others are reported in 
standardized contractions of words and 
phrases. 

16-6. Winds Aloft Forecasts 

■^a. General Winds and temperatures aloft 


forecasts (fig. 16-5) are computer prepared 
and issued by the National Meteorological Cen- 
ter at Suitland, Md. The forecasts are valid 12, 
18, and 24 hours after the observational data 
times of OOOOZ and 1200Z. An unscheduled 
amended FD may be prepared by an FAWS 
office. 

■^■5. Levels Forecasts. Dependent upon station 
elevation, wind forecasts are issued for the fol- 


FD WBC 0^054-5 
BASED ON 050000Z DATA 
VALID 051200Z FOR USE 0600-1 500Z, 

FT 3000 6000 9000 12000 


, TEMPS NEQ ABV 24000 
1 8000 24000 30000 34*000 


39000 


C(iP 
JAX 
TLH 
PIE 
MIA 
Tap 
TRI 
BNA 
MEM 
UQP 
LIT 
SQF 
OKC 
AMA 

xap 

CAE 9900 
ATL 9900 
BHM 9900 
JAN 0507 
zap 

SHV 9900 
DAL 2005 
ABI 


2012 

2307 

2012 

1610 


0505 

0605 

9900 

1708 

1815 


DX 

MOB 

MSY 

HOU 

SAT 

EX 

CRP 

BRO 

LRD 

DRT 

AX 


9900 

9900 

9900 

1207 

1307 

1406 

1408 

1208 


2114+17 

2409+16 

2114+17 

1813+18 

9900+14 

9900+13 

3606+14 

3305+15 

9900+16 

2009+19 

1612 

2209+16 

9900+15 

9900+14 

3607+15 

3307+17 

2505+19 

1905+20 

3105+16 

3306+16 

3305+19 

9900+21 

9900+20 

9900+20 

9900+21 

9900+22 


2116+12 2118+06 2222-07 2223-18 222433 222442 232052 

2411+11 2412+06 2417-07 2320-18 232332 232441 242252 

2214+12 2214+07 2214-07 2214-13 211433 130843 121052 

1813+12 1813+07 1811-07 1609-19 140833 130843 121052 

2307+09 2311+03 2321-10 2230-20 224134 224543 224252 

3407+08 3310+03 3115-09 3018-20 302435 302744 312050 

3409+09 3412+05 3320-08 3426-20 343434 334044 343651 

3309+11 3312+06 3412-07 34-29-19 343933 344543 35^52 

3206+11 3309+06 3521-07 3531-19 354533 355343 355251 

2605+14 3207+08 3418-06 3523-17 352831 353141 353552 

9900+18 3205+12 3517-04 3518-16 352031 352140 352452 

2213+11 2118+05 2228-08 2233-19 224033 224342 234252 

2606+10 2508+04 2416-09 2422-19 243033 243442 243352 

3106+10 3009+05 2914-08 2918-19 272333 272743 272652 

3410+10 3413+00 3318-07 3321-19 322633 323043 323052 

3309+12 3412+07 3419-07 3525-18 353333 353742 3538g 

2906+13 3208+08 3416-06 3522-17 352932 353141 3^552 

2506+14 2807+08 3313-05 3417-17 352131 352441 362752 

3107+11 3009+06 2913-09 2815-18 281833 282042 282253 

3308+12 3210+07 3213-07 3114-18 311633 311842 312153 

3407+13 3408+08 3513-06 3618-18 362432 362741 363052 

9900+15 9900+09 3500-06 0115-17 023031 02354*1 024052 

032732 033242 033753 


9900+14 0105+09 0209+06 0317-17 

9900+15 9900+09 050SI05 0417-17 042832 043M2 034152 
9900+16 9900+10 9900-05 0111-17 022032 022541 023453 


if Figure 16-5. (Superseded) Winds aloft forecast. 
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owing levels: 3-, 6-, 9-, 12-, 18-, 24> 30-j 34-, 
ind 39-thousand-foot levels. The first level for 
vhich a wind forecasts is issued is 1,500 feet 
»r more above the station elevation. Temp era - 
ure is forecast for all wind levels, except the 
1,000-foot level, that are 2,600 feet or more 
ibove the station. The minus signs are deleted 
jreceding the temperatures at the 30-, 34-, and 
19-thousand-foot levels. 


Data 

TransmMstcP 

Valid 

Fat 1(88 

time 


time 

Ivenod) 

OOOOZ 

.,.-0646Z --- 

...1200Z--- 

0600-1BOOZ 

OOOOZ 

0B45Z.... 

...1800Z... 

...*1500-2100Z 

OOOOZ .. 

0945Z 

...OOOOZ... 

...*3100-0300Z 

1200Z 

msz..-- 

...OOOOZ... 

1300-0300Z 

1200Z.. 

1Y45Z.... 

...OOOOZ... 

._ **0300-09 OOZ 

120OZ 

194BZ-... 

-..1200Z--. 

..**0900-1600Z 


*At 1800Z, «ll8conUnue uaing FD forecasts bnsetl on OOOOZ ilata. 
•*At 0600Z, dlBcontlnuo usins FD forecfista bosctl on 1200Z date. 
(Tcmpeintures aie foiecast (n degrees Celsius) 

\(C. Direction. The wind direction is in refer- 
nce to true north and is reported in two digits, 
xcept as noted in d below. For example, 270° 
3 reported as 27.^ 


-^d. Speed. The windspeed is reported in 
knots. Speeds less than 10 knots are shown as 
08, 06, etc. If the speed is expected to be less 
than 6 knots, the group “9900” is inserted in- 
stead of the direction and speed. This group is 
spoken of as “light and variable.” Forecast 
winds of 100 to 199 knots are indicated by sub- 
tracting 100 from the speed and adding 50 to 
the direction. For example, a forecast of 
250°/146 knots would be reported as 7546. 

Amended FD. An amended FD pre- 
pared by a FAWS center for direct entry into 
the high-speed network shall be preceded by 
the appropriate heading and level line as 
shown in the example and coded for the same 
distribution as that given to the original FD. 

Elxample of an Amended FD 
AQQ 

PD BOS 010620 AMD 
BASED ON OlOOOOZ DATA 
VALID 011200Z 
FT 3000 6000 OOOO 
BOS 1430 1616 + 10 1820+02 
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Section III. LOCALLY PREPARED FORECASTS 


16-7. Local Terminal Forecast 

Local tci’ininal forecasts (fig. lG-6) are pre- 
pared by the station duty forecaster, giving the 
expected wcatlier conditions in tlie local flying 
area. Requirements of the agencies served by the 
weather station determine the intervals at wliich 
the.se forecasts ai'e prepared. They usually cover 
an 18- to 24-hour period, and may be extended in 
the further outlook section at the bottom of the 
form. 

1 6-8. Vertical Cross Section Forecast 

Vertical cross sect ion forecasts (also called -flight 
forecast cross section) (fig. 10-7) are schematic 
diagrams prepared by llie station duly forecaster, 
showing the weather conditions expected along, 
and 25 miles either side of, a proposed flight route. 
Cross sections are prepared for aviators upon re- 
quest; however, at least 2 hours' advance noticG is 
required for the forecaster to prepare the diagram. 
Cross sections are particularly valuable for pro- 
posed flights over unfamiliar terrain or large bodies 
of water and for extensive flights. The cross sec- 
tion weather information is easy to assimilate and 
understand because of its graphic form. Some of 
the major weather items indicated on the diagram 
are as follows: 

a. Fronts — surface position, upper air ])osition, 
and slope. 

h. tT'/owf/s—types, amounts of coverage, and 
altitudes of bases and lops. Clouds lielow the 


freezing level arc normally colored green ; the por- 
tions of the clouds above the freezing level where 
icing may occur are normally siuided red. 

c. Freezing /eacZ—solid green lino labeled 0®C. 

d. Intensity of turhiUence and icing — appro- 
priate symbol. 

e. Wmds and temperatures — for each leg of the 
proposed flight, at altitudes selected by the 
aviator. 

/. Surface visibility and significant weather. 

16—9. Horizonfal Weather Depiction Chart 

The horizontal weather depiction chart (fig. 16- 
8) may by used in place of the vorbicali cross sec- 
tion forecast. Normally this chart is a 12-hour 
forecast valid at inidtime of the flight. 

a. Hatching or shading depicts areas where 
significant clouds and/or weather are forecast to 
occur. Clouds in which flight hazards such as 
icing, hail, or turbulence may be encountered are 
indicated regardless of amount; otlierwise, only 
broken or overcast, sky coverages are depicted. 
Cloud data consists of — the sky coverage (in 
eighths) , cloud type, luul t lie height of bases and 
tops (in hundreds of feet above the surface) , The 
lieight of the cloud top is entered above tlio base- 
height and the two hoigiil figures are separated 
by a horizontal line. When more than one sig- 
nificant cloud layer is forecast, the higher deck is 
entered directly above the lower. 
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headquarters 

AIR WEATHER SERVICE 
U.S AIR FORCE 

DAILY WEATHER MAP 
UNITED STATES 


j Dallas/V /r"”'^J I \ ’’^ Savannah 

^ jOzarko I, / 

’\ I 1 _ J , 


Key Went o'* 


NOT FOR DISSEMINATION TO 
COMMERCIAL FACILITIES 


FORECAST! 


ities this forecast is for planning 

PURPOSES ONLY AND WILL NOT BE 
AMENDED. 

DATEi 11 SEP 66 

J! THE weather during THE NEXT 24 HOURS FOR THE FORT RUCKER ARfA WILL BE 
INFLUENCED PRIMARILY BY THE HIGH PRESSURE SYSTEM CENTERED OVEH DEL. 

VALID FROMj 11/07C TO 1 a/07C 


SKY CONDITION ; VISI 6 |LITY| WEATHER} OBSTRUCTIONS TO VISION} AND SURFACE WINDS! 


HAZARDS. 


070 25^17 0407 
09 c 20 iD 300 Iii 7 0410 20HDV® 
12C 2 50)300 0+10 
20 C 25vD10 CLM 


2000 FT, 0810 +15®C, 
4000 FT. 0912 + 1300 . 


6000 FT, 1310 +12‘*C, 
8000 FT, 1420 +13'’c. 


^■ av L tYM .t 15000 FT, MAXIMUM DENSITY ALTITUDE ! +1475 FT. 

[M UM TEMPERATURE ! 74.*F. MINIMUM TEMPERATURE ! 60‘’F, 

l .i ^E TODAY ! 0538 c TOMORROW! 0538 C SUNSET TODAY ! I 726 C TOMORROW 1 1 7R5C 

[HER QUTLOffl^ i TUE & WEDi FAIR TO PARTLY CLOUDY AND COOL. HURRICANE "MARTHA" WILL CONTINUE 
NORTHWEST MOVEMENT FOR THE NEXT 24 HOURS, 


PREPARED BY 


« FROSTY RNlGflT, VLT. I 


WEATHER OFFICER 


AWS-WPC 2->20-1 


Figure ifi-C, (Superseded) Locni <cr»i(noZ forecast. 
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Figure 16-7 (Superseded) FcrficctZ crosa section -forecast. 






b. Fronts are indicated by the same symbols 
used on the surface weather map {%. 12-6). 
The symbols for weather elements are identical 

Section IV. FACSIMILE 

16-10. Surface Prognostic Charts 

a. A major function of the National Meteoro- 
logical Center is to provide field weather sta- 
tions with forecasts (prognoses) of surface 
conditions. These forecasts are used as fore- 
casting aids at local weather stations. The local 
forecast remains the responsibility of the indi- 
vidual issuing it. The objective of NMC progno- 
sis is to forecast the major anticipated weather 
changes. Individual weather stations should 
make local refinements to NMC prognoses. 

b. NMC forecasts are transmitted over fac- 
simile circuits to local weather stations. Sur- 
face facsimile prognostic charts show the 
expected position and orientation of fronts, 
pressure systems, and isobars. Many of the 
forecast charts are composite, containing the 
forecast position of 500-miIIibar contour lines 
in addition to surface isobars. Composite charts 
indicate isobars as solid black lines and contour 
lines as dashed black lines. 

c. Approximately seven forecast surface and 
composite charts are transmitted by facsimile 
process each day. One such chart is the 36-hour 
surface prognostic chart (fig. 16-9) trans- 
mitted twice daily for the United States area. 
Isobars are drawn at 4-millibar intervals and 
labeled in multiples of four. Standard frontal 
symbols (par. 12-6ft) ai’e used, and the fronts 
are coded as to type and intensity (par. 12-6n.) . 
The centers of high (H) and low (L) pressure 
are identified, with central pressures labeled in 
tens and units of millibars. The forecast direc- 
tion of movement of the pressure centers is nor- 
mally indicated by an arrow, with the speed of 
movement shown in knots. The cross-hatched 
areas on the chart indicate regions where an 
overcast cloud cover or an overcast with a few 

will occur at the verifying time (FT) 
o'Ji's. Stippled areas indicate where 
expected. Areas of overcast and 
5 usually colored at the local 


to those illustrated on AWS Form 29 A (fig. 
16-7). The 0" C. isotherm is shown as a dashed 
line with the isotherm height clearly indicated. 

PROGNOSTIC CHARTS 

16-11, Constant-Pressure Prognostic Charts 

a. Facsimile forecast charts of upper-air 
condition.s are called constaiii-prpfistn'c prog- 
nostic charts. Approximately 20 of IhoHC charts 
are transmitted by the NMC each day for alti- 
tudes up to 3(X) millibars and for periods of 
time up to 72 hours. Charts drawn for alti- 
tudes below 300 millibars usually coiisiat of con- 
tour lines, frontal symbols, and labeled centers 
of high (H) and low (L) elevation. Constant- 
pressure prognostic charts at and above 300- 
millibar altitudes normally include additional 
data for jet stream axes and wind speed (iso- 
tachs) . 

h. The 3G-hour 700-raillibar projynoatic chaH 
(fig. 16-10) is convenient for flight planning at 
altitudes near 10,000 feet, The contour lines 
on this chart are drawji at 200-foot intervals 
and labeled in hundreds of feet. 

c. Since the wind flows parallel to the con- 
tour lines at a speed directly ])i’oj)ortional to the 
distance between contours, valuas for wind 
direction and speed may be computed from 
constant-prassuro prognostic chart.s. Weather 
conditions on the charts depict the conditions 
expected at the specified verifying tiiae (VT) , 
rather than the average weather c<3n(liUona ex- 
pected between transmission time and verifying 
time. 

16-12. Other Prognostic Charts 

Other commonly available prognoi^tic charts 
of surface and upper-air weather conditions in- 
clude — ■ 

a. Twenty-four- and thirty-six-lioiir vertical 
velocity prognoses, 

b. Five-day forecast charts for the surface,, 

G. Thirty-day outlook charts covcidng the 
700-millibar contours, regional surface temper- 
atures, and precipitation areas. 
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Figure 16-9. A 36-hour surface prognostic chart. 
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Figure 16—10. A SB-hour 700-millibar ‘prognostic chart. 
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Section V. IN-FLIGHT FORECASTS 


16-13. Weather Broadcasts 

All tlijolil service stiitions thul hiive voice fa- 
cilities on conlinunuslv operated iiavi^-ational aids 
broadcast weather reports and other airway in- 
I'orinatioii at 15- and -lo-miiuile intervals past each 
hour. 

d. T'he broadcast, at 15 minutes past the hour 
consists of weather reports from stations with- 
in a]>proximatelY 150 miles of the broadcast iii;^’ 
station. 

1). The broadcast at, 45 minutes x>ast the hour 
consists of weather rejiorts from important ter- 
minals located on airways within ajiiiroximately 
‘100 miles of the broadcasting station, 

<'. Continuous transcribed weather broadcasts 
are made over a countrywide network of selected 
low and medium frequency range stations. These 
broadcasts contain a synopsis of current weather 
and forecasts of conditions for an area within a 
250- mile radius of the station, as well as latest 
hourly rejiorts from selected stations, jieriinent 
pilot reports, and in-flight advisories for aircraft. 
Stations providing this service are listed in the 
flight information manual. 

16—14. Weather Advisories 

Sjiecial weatlicr developments and ATlTA^hs 
are broadcast, upon receipt, by flight servieo sta- 
tions liaving voice faeilities on continuously opev 
ated navigational aids. Two special weather ad- 
visories, called A7fAl/A7”s and pro- 


vide iimnediate information about weather Il\at 
may endanger aircraft in flight. The aviator re- 
ceiving such ad)is{)ries lnlL■^t use his experience, 
judgment, and weather knowledge to decide liis 
course of action. 11c sliould continue to monitor 
(he appropriate uavigatioual aid frequency after 
an advisory kas been issued within his area of 
flight. 

fo SIUMET. A STGMKT (tig. 1(1-11) is an 
m-fliglit advisory I'cjiorl concerniug .s?V/uiiicant 
/uc/eorological developments of such intensify ns 
to he potentially Iiazardous to all aircraft in 
flight, e.g.; tornadoes, squall lines, hail (thrcc- 
loiirths of an inch and larger), severe (mhulenee, 
heavy ieiiig, and Avidcspread diiststorms or sand- 
storms that reduce visibility to less than 2 miles. 
SI(fi\rT0T advisories are broadcast upon receipt 
and at 15-immitc intervals thereafter, beginning 
on (he hour, throughout, the valid period. 

/a AfnMET\. An AIENET (fig. 1(1-12) is 
a rcjairt concerniug weather of an intensity jmten- 
tially hazardous to aircraft w’eighing 12,500 
pounds or less. These broadcasts may include, 
condil ions in^ olviiig moderate icing, inudenite tur- 
bulence, weather (hat produces extensive areas 
where visibility is less than 2 miles or ceilings less 
than 1,000 feet, and wdnd of 40 knots or greuUu* 
wdiich are located w’ithin 2,000 feet of the surfa<’e. 
'rius advisory is broadcast upon receipt by tin* 
station, then liecoines a juirt of the routine 15- and 
15-mimite past-lho-hour broadcast through the 
valid period, 


FL DEN 090230 

SIGMET BRAVO 1. ROCKY MTN AREAS COLO AND SRN WYO. STANDING 
WVS E OF RDGS CAUSING EXTNSV AREAS OF STG UP AND DOWN DRAFTS 
AND LCLY SVR TURBO TO 180 MSL. CONDS CONTQ PAST MIDN. 


ingurG le-lh f Superseded) HIOUBT. 
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FL DCA 0508 I 5 

AIRMET ALFA 1. RAIN AND FOG WITH GIGS LWRG TO BLO 1 THSD FT 
AND VSBYS BLO 2 Ml OVER CAROL I NAS EAST OF MTNS BY 0400E SPRDG 
OVER VA SOUTH OF RICHMOND ROANOKE LINE BY 0700E. 


Figure 16-12 (Superseded) Adilsorg for light aircraft 
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CHAPTER 17 


WEATHER FLIGHT PLANNING 


17-1. General 

a. Effective weather flight planning on the 
ground requires an understanding of the 
weather facilities available at the weather sta- 
tion, the ability to use the available weather 
information properly, and a knowledge of the 
services provided by the Weather Services. 

h. In the air, weather flight planning contin- 
ues as the aviator relates his visualization of 
weather conditions obtained during the ground 
briefing to the existing en route weather condi- 
tions. His knowledge of cloud forms, pressure 
pattern, airflow, etc., will enable him to ana- 
lyze the validity of the briefing and the fore- 
cast. His decisions in flight will also reflect his 
knowledge and understanding of hazard-prod- 
ucing phenomena and related flight procedures. 

17—2. Aviator's Analysis 

Weather stations arc maintained at all major 
airfields for the collection, analysis, and dis- 
semination of weather information. Trained 
observers and forecasters are available at most 
weather stations to assist the aviator in his 
flight planning. Before consulting the fore- 
caster, the aviator should make his own 
weather analysis. If he accepts a forecast or 
analysis that he does not understand, he is neg- 
ligent in the performance of his duties. 

a. The objective of the aviator’s analysis of 
weather is to obtain a complete picture of the 
weather conditions that will affect his flight. 
With a mental picture and understanding of 
the weather, he is prepared to discuss the 
weather briefing with the forecaster, 

b. The steps in conducting the weather 
phase of a typical flight plan are to— - 

(1) Determine whether the flight will be 
conducted under instrument or visual flight 
rules (IFK or VFR). 


(2) Obtain the ceiling and visibility 
values and nature of weather phenomena af- 
fecting them at destination and alternate air- 
fields. Conditions below acceptable flight mini- 
mums will delay flight. 

(3) Determine the height of the freezing 
level and note areas to be avoided where struc- 
tural ice might be encountered. 

(4) Obtain the wind velocity at optimum 
flight levels to determine fuel requirements 
and flight time to destination and alternate air- 
fields. 

(6) Locate probable or known areas of 
tui'bulence, hail, low visibility, and other flight 
hazards. 

(6) Visualize the complete weather pic 
lure along the route. 

c. After the aviator is in the air, he will relj 
primarily on his own knowledge of weather 
his flying experience, and his weather briefing 
If the aviator encounters conditions in fligh 
which necessitate additional information, t 
^Afpilot-to-forecaster service is available on ra 
diofrequencies listed in DOD FLIP (METRO) 

17-3. Use of Weather Facilities 

a. Weather Map. Weather flight plannin: 
normally begins with a study of the aurfac 
weather map. This map presents a picture o 
the main atmospheric features that determin 
the weather. The air masses, fronts, and prej 
sure systems shown control the weathe 
throughout the forecast period. Currer 
weather reports will enable the aviator to fo 
low the movements of the weather systen 
subsequent to the time of the map observatioi 
Local weather changes are difficult to analys 
and explain without a knowledge of the syno] 
tic situation shown by the weather map. 
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b. Constayit Pressure Charts. Constant- 
pressure charts are synoptic charts for the 
upper atmosphere. They are designed to show 
conditions of temperature, moisture, winds, and 
the height of a specific pressure level at a def- 
inite time. These charts are important tools for 
planning a flight. For example, an aviator 
planning a flight from Caims AAF to Fort 
Bragg, N. C., may analyze the 850-niillibar 
chart (5,000 feet) and find that he will have 
adverse headwinds for the entire flight. How- 
ever, a check of the 700-millibar chart (10,000 
feet) may indicate a wind from the west and 
favorable weather for the entire flight. Also, 
the height of the pressure level will indicate the 
relationship between the indicated altitude and 
the true altitude. 

c. Skeiv T, Log P Diagram. With the types 
and movements of pressure systems and fronts 
well in mind, the aviator should inspect the 
Skew T, log p Diagram. One or more diagrams 
for stations centrally located in the area of 
cloudiness and near the route to be flown are 
preferable. The aviator should determine the 
flight-level temperature, cloud thickness, alti- 
tudes of icing conditions, and the stability of 
the air. If conditions are unfavorable at the 
proposed flight altitude, it may be necessary to 
select another altitude by correlating informa- 
tion on the Skew T, log p Diagram with other 
facilities. 

d. Sequence Weather Reports, 

(1) Teletype sequence reports should be 
analyzed to determine the current 
weather along the proposed flight 
path, at the destination, and at the al- 
ternate airfield. These reports pro- 
vide the aviator with the most cur- 
rent weather data. 

(2) Notices to airmen, concerning items 
such as radio facilities and field and 
runway conditions, are added at the 
end of aviation weather observations. 
These are coded in the International 
NOTAM Code, available for .ref erence 
in all weather stations. 

e. Winds Aloft Data, After selecting an al- 
titude with favorable weather conditions, the 
aviator should check the winds aloft code to 


determine wind velocities between the place of 
departure and the destination airfield. An avia- 
tor on instrument flight in a controlled area 
may be unable to obtain clearance for the best 
altitude; therefore, he should make a written 
notation of the expected wind at all probable 
flight altitudes. When the winds aloft chart 
does not provide the necessary wind velocity 
information, the constant-pressure charts 
should be used. 

/. Pilot Reports {PIREPS). Pilot reports 
are a valuable source of current information for 
flight conditions, especially in areas remote 
from weather observing stations. To obtain 
maximum benefit from these reports, an aviator 
should carefully check the — 

(1) Time of the pilot’s observation. 

(2) Location of the aircraft. 

(3) Type and extent of the reported phe- 
nomena. 

(4) Altitude of the reported phenomena. 

g. Forecasts. The last and most important 

item to check is the current forecast. After an 
aviator has made his' own analysis of the 
weather and obtained the forecaster’s analysis, 
he is in a position to discuss any differences in- 
telligently. The aviator should never leave a 
weather oflSce until he is fully aware of the 
weather conditions along his route. 

17-4. Weather Trends and Flight Planning 

Figures 17-1 through 17-4 depict weather 
conditions as they existed at OOOOZ, 2 January 
1965 from the surface to 18,000 feet. Figures 
17-6 through 17-8 indicate the changes in the 
weather pattern that had developed 12 hours 
later (1200Z) . The ability to use and interpret 
these and other weather station facilities will 
enable the aviator to anticipate future weather 
trends and apply his weather knowledge to a 
meaningful flight plan. 

17-5. Aviator Briefing 

The briefing forecaster is better equipped to 
serve the aviator when the aviator requests 
specific information. The forecaster should be 
informed of the aircraft type, the estimated 
time of departure, the proposed route and alti- 
tude, estimated time en route, and other infor- 
mation that will enable him to visualize the 
flight. 
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Figure 17—1* Surface weather wap, OOOOZ. 
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i^Figure IT’S. (Superseded) 700-miUibar eonstaiit pressure charts OOOOZ. 
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■kFigwre 17-i. (Snpereaied) SOO^UBbar extant pressure chart, OOOOZ. 
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Figure I7-J. Surface weather map^ l&OOZ. 
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icFiguTe 17-7, (Superseded) 70{MnMbar constant premre chaH, IWQZ* 






* a. Specific Weather Conditions. Specific 
questions, when applicable, should then be asked 
by the aviator to determine — 

(1) Weather at takeoff. 

(fl) Bases and tops of cloud layers. 

(b) Visibility and obstructions to vision. 

(c) Type and intensity of precipitation. 

(d) Freezing level. 

(e) Temperature and winds up to flight 
altitude. 

(/) Runway temperature and density 
altitude. 

(g) Condition of runways, if affected 
by weather. 

(2) Weather en route. 

{a) Bases, tops, types, and amount of 
each cloud layer. 

(b) Visibility at the surface and aloft. 

(c) Type, location, intensity, and direc- 
tion and speed of fronts. 

id) Freezing level. 

(e) Temperature and winds at various 
flight altitudes. 

(/) Areas of severe weather (thunder- 
storms, hail, icing, and turbulence) . 

(3) Weather at destination and alternates. 

{a) Bases, tops, types, and amount of 

each cloud layer. 

(b) Visibility and obstructions to vision. 

(c) Type and intensity of precipitation. 

(d) Freezing level. 

(e) Surface wind velocity. 

(/) Condition of runways, if affected by 
weather. 

b, Other Weather Considerations. 

(1) The weather at the point of takeoff is 
often neglected in flight planning. 


Knowledge of this weather will be the 
deciding factor if an immediate deci- 
sion must be made because of an emer- 
gency soon after takeoff. 

(2) Temperatures and winds up to the 
flight altitudes must be known to com- 
pute the distance flown and the fuel 
consumed during the climb to altitude. 

(3) A complete picture of the ceiling’s, 
visibilities, and clouds en route will 
prove valuable if the aircraft malfunc- 
tions or some other emergency forces 
him to land. 

(4) A knowledge of the type and intensity 
of precipitation at the destination will 
assist the aviator in estimating the 
runway braking action. 

(B) Obtaining all the pertinent briefing 
information available is a'A' 

necessity in proper flight planning. 

A few extra minutes spent in the 
weather office in forming a complete 
mental picture of the weather condi- 
tions will be an important factor in 
executing a successful mission. 

Note, The decision to maUe n flight in adverse 
weather conditions is not n refli>03i.sil)ility of the fore- 
caster; thi.s is ft decision for the avintor and/or appro- 
priate clearing authority. 

)7--6. Weather Vision 

Some airfields arc equipped with clo.scd-cir- 
cuit television to transmit weather information 
to auxiliary fields or other nearby airfields 
which lack fully staffed and equipped weather 
stations. This televised weather service is called 
weather vision. An illu s t rati on Qf-ihe typos o f i 
weath e r - d a ta - v e c e iv e d on w ^a tlt e r -A d s ion - e quip - 
ment is s hew^-i-ffr- figure 17 -^ lQ . 
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APPENDIX II 

UNITS OF MEASUREMENT FOR METEOROLOGICAL ELEMENTS 


Table HI, Conversion From Inches of Mercury to Millibars 


InHg 

0 

,1 

.2 

.3 

.1 

.5 

.6 

.7 

.8 

.8 

28 

948 

962 

956 

958 

962 

966 

968 

972 

976 

979 

29 

982 

986 

989 

992 

996 

999 



mSM 


30 

1,016 

1,019 

1,023 

1,026 

1,030 

1,033 





31 

1,060 

1,063 

1,067 

1,060 

1,063 

1,067 


1,074 

minmi 

HiJI 


Table IV, Deto Point and Moisture Content at IfiOO-MUlibar Pressure 


Dew Point ®P. 

Water vapor 

In g/kg 
(approximate) 

Dew Point ®F. 

Water vapor 
in g/kg 

(approximate) 

90 - 

31 

40 

5.4 

80 

22 

30 

8.6 

70 

16 

20 

2.8 

60 - 

11 

10 

1.5 

60 

7.7 



Explanation i Any paicel of nlr with n dew point temperature of 70® F, contains approximately 16 Krama of water vapor per 1,000 gram# 
of air < atmosphere pressure at 1,000 millibars) t or, any parcel of nlr containing 11 grams of water vapor per 1,000 grams of air would 
have a dew point of approximately 00® F., etc. 


icTable V, The Standard Atmosphere 



Metric units 

Dynamic units 

English units 

Sea level temperature 

16* C 


59* P. 

29.92 in. of mercury 
14.696 Ib/in.* 

0.008666* P/ft 

3.6’ F/1,000 ft 
-69.7* P. 

Sea level atmospheric pressure 

Sea level atmospheric density 

Standard vertical temperature 
gradient (lapse rate). 

Standard isothermal temperature .. 

Temperature of the ice point 

Sea level mean molecular weight - . . 

288.16* K. 

760 mm of mercury or 
10,382.276 kg/m*. 

1.2260 kg/m'. 

0.0066* C/m 

1,013,260 dynes/cm’ 

1,013.26 mb. 

2* C/1,00'0 ft 

-66.6“ C. (tropopause) .. 
278.16* K. 

28.9644 X 10"' kg/mole. 



ll-l 
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Table VI. Miscellaneous Constants and Units 'Table VJII. Surface Wind Chaiacter 


Density of water at 15° C * 0.9991286 g/ntl 

Latent heat of fusion of ice 79.7 g-pal/g "i'n ktiou'* 

Latent heat of vaporization of 

1 

Cha racier 
of wind 

water 594 9 g-cal/g at 0° C. 

539.1 g-cal/g at 100“ C. ^ 

Calm 

Light air 

Light breeze 

Gentle breei^e 

Moderate breeze 

Fresh breeze 

Strong breeze 

Moderate gale 

Fresh gale 

Strong gale 

Whole gale 

Storm 

Hurricane 

1 meter — 39.37 in ^ 

1 kilogram 2.2046 ib 

1 statute mile 5,280 ft 

1 nautical mile 6,080 ft (1.15 statute * ■' 

miles) 

17 91 

1 kilometer* 3,281ft 

, . . ..t-y, 22-27 


1 inch Ilg-. 33.86395 millibars " 

1 millibar* 0.0295299 m Hg 

1 m/sec 2.2369 mph ~ 

1 m/.sec. . 1.943 knots 1 

1 mph 0.8684 knots 

1 nautical mile 1.15 statute miles 

.^nlur I’onsl’.nnt 1 .9.39. /um* /min nt hhp . . 1 

mean solar distance 

Angular velocity of earth’s 


rotation («>) 7.29 x 10 radian/sec 


’For tcmppraturo converaiou bclwpcn F. and O, scales, use tlic scale on 
figure 5-8 {Skew T, log p Diagram) 

’For pressure-altitude rclntlonsnip in the standard atmosphere, use 
ICAO sounding on figure 5-8 (Skew T, log p Diagram). 


Table IX. Force of the Wind Against a Stationary Object at 
Table VII, Wind Direction— Degrees to Com;;ass Points Sea Level in Standard Almosphere 

Degrees 

1 

CompasH point 

Wind speed 
(knots) 

Force 

{pounds per 
sfiunro foot) 

349-011.. 

012-033 


N 

NNE 10 

NE on” 

ENR 30 ... 

E 40 

0.26 

1.02 

2.30 

4.09 

6.89 

9.21 

12.63 

16.36 

20.71 

26.67 

034-056 

067-078 . 

079-101 

102-123.-,. 

124-146 

ESE 50 

SE 60 

SSE 70 

S 80 

147-168 

169-191 

192-213 

214-236 

SSW 90 

SW 100 

237-258 

WSW 

269-281... 

282-303. 

w 

WNW 

MW 

304-326 

327-348... 

NNW 
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Table X. Apftroximaie Density Allifude Conijuitalions to the Nearest 100 Feet 


Air Temperature 


Altitude 

( feol ) 

°F 07 

90 


“C 36 

32 

Sea level.. 

2,800 

2,100 

600 

3,100 

2,700 

1,000 

3,700 

3,200 

1,600 

4,300 

3,900 

2,000 

4,900 

4,600 

2,500 

5,500 

5,100 

3,000 

6,300 

5,700 

3,600 

6,800 

6,300 

4,000 

7,600 

7,000 

4,600 

8,000 

7,500 

6,000 

8,600 

8,000 

6,600 

9,100 

8,600 

6,000 

9,700 

9,200 

6,500 

10,300 

9,800 

7,000 

10,800 

10,400 

7,600 

11,400 

11,000 

8,000 

12,100 

11,600 
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APPENDIX 111 

WEATHER OUTSIDE THE TEMPERATE ZONE 


Section I. POLAR AND SUBPOLAR REGIONS 


1. General 

a. Plights in polar and subpolar regions pre- 
sent special problems for the aviator. Most of 
the weather phenomena of special significance 
in these regions occur at low altitudes or at the 
surface. Terminal weather conditions are seri- 
ous hazards in polar flight operations. Obstruc- 
tions to visibility and depth perception make 
landings and takeoffs difficult. Iced runway 
conditions require special flight techniques dur- 
ing takeoff. Mechanical turbulence (par. 4-32) 
is frequent during periods of strong surface 
) wind. In flight the aviator has to check 
carburetor air temperatures constantly to main- 
tain safe engine operation or an ice-free car- 
buretor when temperature-moisture conditions 
are ideal for induction system icing. 

h. Although extremely cold air is typical of 
the polar and subpolar regions, the characteris- 
tic flight problems of cold air are not limited 
to these geographical areas. Plight hazards 
discussed in this chapter are applicable to areas 
of cold temperature wherever found. 

2. Climatic Boundaries 

a. Polar Region. The polar region is that 
part of the earth where the mean annual tem- 
perature is 32° P. or less and wher^p the mean 
temperature for the wannest .mcmth is less 
than 50° F. In North America tftls region in- 
cludes the northern coast of Alaska and Canada, 
the Canadian Arctic Archipelago, most of Lab- 
rador, Greenland, the Svalbard Archipelago, 
and the southern end of the Aleutian Island 
chain. The southern boundary of the polar re- 
gion roughly follows the 60th parallel. 

b. Subpolar Region. The subpolar region is 
more difficult to delineate than the polar region. 


In North America it includes the area 
the southern limit of the polar region and 
40° F. isotherm of average annual temperature^ 
Across the United States the boundary roughl> 
follows the 48th parallel, but it then 
northward to include most of the inhabited 
tions of Alaska and the Aleutian Island chain. 

3. Weather 

a. Weather phenomena in the polar regin n 
are confined to a relatively shallow Rtmo3j)herlr 
layer near the surface because of the lack nf 
convective activity to carry the moisture t*; 
higher levels. High-altitude flight is comfuira- 
tively weather-free, but poor air-to-ground vi>i- 
bility, coupled with the mountains’ refractive 
effect on radio waves, may complicate naviga* 
tion at high altitudes. 

b. The proportion of clear days to overcast 
days at Alaskan stations, for example, is often 
less than 1 :3 (fig. III-l) . In the course of a 
year, only those stations in interior Ala.'^ka 
average more clear days than cloudy days. The 
best flying conditions in the Aleutians, along 
the southeast Alaskan coast, and over the Sew- 
ard Peninsula occur during the winter. The 
Alaskan gulf coast and interior regions prei^ont 
optimum flying conditions during the summer 
The poorest (annual) flying conditions of 
Alaska exist in the Aleutians and the coastal 
section of the mainland. Although in the in- 
terior and Anchorage area ceilings and visi- 
bilities are below 2,000 feet and 6 miles for 
more than 10 percent of the time, these condi- 
tions exist more than 60 percent of the time ir, 
the Aleutians and along the southwest coast 
bordering the Alaskan gulf. 
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4» Terminal Hazards 

a. Depth Perception, The effect of polar 
sunlight and weather phenomena on depth per- 
ception is the worst flight hazard encountered. 
Over newly formed snow on a dull overcast day, 
shadows ai’e not visible; the effect is similar to 
that of glassy water, so that depth perception 
is extremely difficult after takeoff, This atmos- 

lli-2 


pheric condition is called a whiteout, 
h. Fog. 

(1) Advection fog and low stratus clouds 
generally prevail in coastal polar re- 
gions (fig. III-2) . They are .caused 
by a combination of orographic lifting 
of moist air and contact of the rela- 
tively warm air from the sea with the 
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cold land surface. Usually they are 
found on the windward side of islands, 
since adiabatic heating or turbulence 
normally reduces the formation of fog 
on the lee sides of mountains and 
islands. The fog and stratus quickly 
diminish inland because of the extreme 
coldness of the snow-covered land 
mass. 

(2) Steam fogs occur when the cold, dry 
air passes from the land areas over 
the relatively warm ocean. The rate 
of evaporation from the warm water 


surface is high, but the cold air cannot 
support moisture in the vapor state. 
Condensation takes place just above 
the water surface and is visible as 
“steam” rising from the ocean. 

(3) Polar ice fog in the interior land re- 
gions occurs most frequently when the 
ground temperature is near or below 
—20“ C, Ice fog results from sublima- 
tion of water vapor in the atmosphere 
during periods of relatively clear 
weather. The small crystals of ice fog 
remain suspended in the atmosphere 
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for long periods of time. Ice fog pro- 
duces neither rime nor glaze on ex- 
posed surfaces contacted ; however, it 
may produce scintillating effects in 
sunlight or other light beams, halos, 
luminous vertical columns over lights, 
and light diffusion. Over snow-covered 
surfaces, ice fog is invisible from the 
air. 

(4) Ice crystals, as a form of precipitation, 
produce the same effects on vision as 
ice fog, and have the same relation to 
ice fog that drizzle has to liquid fog. 
The rate of fall with ice crystal precip- 
itation is very gradual and almost 
negligible. Ice crystals may fall from 
either cloudy or cloudless shies, 
c. Dnftinff and Bloioing Snoiv. Winds of 12 
knots lift the surface snow a few feet off the 
ground, hiding objects such as rocks and run- 
way markers. This drifting snow does not re- 
strict surface visibility above 6 feet. Winds of 
15 knots pick up dry, powdery snow and lift it 
high enough to obscure buildings when the sur- 


face is irregular (fig. III-3). The strong fall 
winds (par. 4-30) and the winds in arctic bliz- 
zards may lift this hloioing snow to heights 
above 1,000 feet and produce surface drifts over 
300 feet deep. Although surface drifting of 
snow may occur without restidcting vertical 
visibility, the drifts can still obstruct horizontal 
visibility during takeoff and landing. All ob- 
jects protruding into the wind stream during 
drifting or blowing snow create dinfts to their 
lee. 

5. Flight Problems in Polar Regions 

a. Takeoff. 

(1) Windshield icing. Even when pre- 
cautions are taken prior to flight to 
prevent structural ice accumulation 
during takeoff, windshield ice or frost 
may still form if ground haze is pres- 
ent. Thus, when haze is present, the 
aviator should be prepared to go on 
instruments at any time during the 
takeoff run. 

(2) Carburetor icing . Carburetor icing is 
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likely along coastal regions and around 
islands when the moisture content of 
the air is high and the temperature is 
warm as the air moves onshore. If the 
air is cold and dry, there is no danger 
of carburetor icing ; however, under 
extreme low-temperature conditions in 
interior polar areas, the application of 
carburetor heat will aid fuel vaporiza- 
tion and improve engine operation. 
b. Inflight. 

(1) Structural ice. After takeoff from a 
snow-covered field, the landing gear, 
flaps, and other movable structural 
parts of the aircraft should be cycled 
to loosen ice or packed snow and to 
prevent parts from freezing in an “up” 
position. 

(2) Moist air indicators. The aviator 
should remain aleii; to the visible signs 
of high atmospheric moisture content. 
In cold air with low moisture content, 
snowflakes form as hard, dry, small 
grains. In moist, warmer air, the snow 
may appear as large flakes or pellets. 
In regions of supercooled water drop- 
lets, the greater the moisture content 
the more rapidly ice gathers on exte- 
rior parts of the aircraft (i.e., pro- 
peller hub, windshield, antenna, and 
wings). These parts should be ob- 
served frequently while flying in clouds 
and fog. A high water vapor content 
with proper air temperatures is con- 
ducive to the formation of carburetor 
ice. This icing condition is most fre- 
quently indicated by a drop in mani- 
fold pressure. (When the application 
of carburetor heat improves the opera- 
tion of the engine and causes the mani- 
fold pressure to increase, it shows that 
ice was forming in the carburetor.) 

(3) Radio contact. In areas of precipita- 
tion and ice crystal formation, static 
electricity may seriously interfere with 
radio transmission and reception. A 
change of altitude, airspeed, or pro- 
peller rpm may help to correct the 
problem of radio contact. The effects 
of mountainous terrain, snow-covered 
surfaces, and dense air layers also 


result in a bending of the radio wav^* 
which further complicatc.s radio corn- 
munication and radio navigation under 
instrument conditions. 

(4) Altijyieter error. In polar regions 
strong winds and colder than standard 
air cause serious altimeter error.s. Tii** 
aviator should allow for an amplo 
safety margin in selecting flight alti- 
tudes over mountainous tenain. 
c. Landing. 

(1) Engine tempe7'atures. The operator’s 
manual for each aircraft specifies coM- 
weather flight procedures and explain - 
the proper use of special cold-weather 
equipment. The engine may reijuin- 
preheating before starting. Becau^'? 
of strong surface inversions, the avia- 
tor may also have difficulty maintain- 
ing engine and carburetor tem])eratui>‘ 
when landing. Surface temperaturt - 
in polar areas are frequently 15 F. 
to 30° F. colder than the temperature- 
at flight level. 

(2) Mechanical hirbule^ice. Katabatic 
(fall) winds are common in polar re- 
gions and may blow continuously for 
days. As these cold winds drain frmn 
high plateau or mountain areas down 
to loAver elevations, their speed in- 
creases abruptly and may exceed lOU 
knots. Arctic fronts and blizzards al"*- 
cause frequent, strong wn'nds. A.s tht" 
wind moves near the surface over olj- 
structions such as ridges, cliffs, hUiffs. 
buildings, and jagged ice or stone 
peaks, strong gusts develop in eddie- 
and may move with the wind acre*--- 
the airfield. For positive control of 
the aircraft, the aviator should land 
(with power on) as far from the Icr- 
sides of these obstructions as possible. 

(3) Rimiuay icing. Aircraft exhaust may 
freeze and settle onto the runway- 
When landing in trail formation, the 
last aircraft to land may thus encoun- 
ter an iced-over runway. The frozen 
exhaust moisture also may remain 
suspended in the air as ice crystals or 
ice fog and limit visibility over 
runway. 
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for long periods of time. Ice fog pro- 
duces neither rime nor glaze on ex- 
posed surfaces contacted ; however, it 
may produce scintillating effects in 
sunlight or other light beams, halos, 
luminous vertical columns over lights, 
and light diffusion. Over snow-covered 
surfaces, ice fog is invisible from the 
air. 

( 4 ) Ice crystals, as a form of precipitation, 
produce the same effects on vision as 
ice fog, and have the same relation to 
ice fog that dnzzle has to liquid fog. 
The rate of fall with ice crystal precip- 
itation is very gradual and almost 
negligible. Ice crystals may fall from 
either cloudy or cloudless skies. 
c. Dnfting and Blowing Snoio. Winds of 12 
knots lift the surface snow a few feet off the 
ground, hiding objects such as rocks and run- 
way markers. This dHfting snow does not re- 
strict surface visibility above 6 feet. Winds of 
15 knots pick up dry, powdery snow and lift it 
high enough to obscure buildings when the sur- 


face is irregular (fig. 111-3). The strong fall 
winds (par. 4-30) and the winds in arctic bliz- 
zards may lift this blo%oing snow to heights 
above 1,000 feet and produce surface drifts over 
300 feet deep. Although surface drifting of 
snow may occur without restricting vertical 
visibility, the drifts can still obstruct horizontal 
visibility during takeoff and landing. All ob- 
jects protruding into the wind stream during 
drifting or blowing snow create drifts to their 
lee. 

5. Flight Problems in Polar Regions 

a. Takeoff. 

(1) Windahield icing. Even when })re- 
cautlons are taken prior to flight to 
prevent structural ice accumulation 
during takeoff, windshield ice or frost 
may still foi*m if ground haze is pres- 
ent. Thus, when haze is present, the 
aviator should be prepared to go on 
instruments at any time during flu' 
takeoff run, 

(2) Carburetor icing . Carburetor icing is 
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likely along coastal regions and around 
islands when the moisture content of 
the air is high and the temperature is 
warm as the air moves onshore. If the 
air is cold and dry, there is no danger 
of carburetor icing; however, under 
extreme low-temperature conditions in 
interior polar areas, the application of 
carburetor heat will aid fuel vaporiza- 
tion and improve engine operation. 
b. Inflight. 

(1) Structural ice. After takeoff from a 
snow-covered field, the landing gear, 
flaps, and other movable structural 
parts of the aircraft should be cycled 
to loosen ice or packed snow and to 
prevent parts from freezing in an “up” 
position. 

(2) Moist air indicators. The aviator 
should remain aleiT to the visible signs 
of high atmospheric moisture content. 
In cold air with low moisture content, 
snowflakes form as hard, dry, small 
grains. In moist, warmer air, the snow 
may appear as large flakes or pellets. 
In regions of supercooled water drop- 
lets, the greater the moisture content 
the more rapidly ice gathers on exte- 
rior parts of the aircraft (i.e., pro- 
peller hub, windshield, antenna, and 
wings). These parts should be ob- 
served frequently while flying in clouds 
and fog. A high water vapor content 
with proper air temperatures is con- 
ducive to the formation of carburetor 
ice. This icing condition is most fre- 
quently indicated by a drop in mani- 
fold pressure. (When the application 
of carburetor heat improves the opera- 
tion of the engine and causes the mani- 
fold pressure to increase, it shows that 
ice was forming in the carburetor.) 

(3) Radio contact. In areas of precipita- 
tion and ice crystal formation, static 
electricity may seriously interfere with 
radio transmission and reception. A 
change of altitude, airspeed, or pro- 
peller rpm may help to correct the 
problem of radio contact. The effects 
of mountainous terrain, snow-covered 
surfaces, and dense air layers also 


result in a bending of the radio waves, 
which further complicates radio com- 
munication and radio navigation under 
instrument conditions. 

(4) Altimeter error. In polar regions, 
strong winds and colder than standard 
air cause serious altimeter errors. The 
aviator should allow for an ample 
safety mai’gin in selecting flight alti- 
tudes over mountainous terrain, 
c. Landing. 

(1) Engine temperatures. The operator’s 
manual for each aircraft specifies cold- 
weather flight procedures and explains 
the proper use of special cold -weather 
equipment. The engine may require 
preheating before starting. Because 
of strong surface inversions, the avia- 
tor may also have difficulty maintain- 
ing engine and carburetor temperature 
when landing. Surface temperatures 
in polar areas are frequently 15° F. 
to 30“ F. colder than the temperatures 
at flight level. 

(2) Mechanical turbulence. Katabatic 
(fall) winds are common in polar re- 
gions and may blow continuously for 
days. As these cold winds drain from 
high plateau or mountain areas down 
to lower elevations, their speed in- 
creases abruptly and may exceed 100 
knots. Arctic fronts and blizzards also 
cause frequent, strong winds. As the 
wind moves near the surface over ob- 
structions such as ridges, cliffs, bluffs, 
buildings, and jagged ice or stone 
peaks, strong gusts develop in eddies 
and may move with the wind across 
the airfield. For positive control of 
the aircraft, the aviator should land 
(with power on) as far from the lee 
sides of these obstructions as possible. 

(3) Runway icing. Aircraft exhaust may 
freeze and settle onto the runway. 
When landing in trail formation, the 
last aircraft to land may thus encoun- 
ter an iced-over runway. The frozen 
exhaust moisture also may remain 
suspended in the air as ice crystals or 
ice fog and limit visibility over the 
runway. 
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Arctic and Polar Air Masses 

The classification of arctic and polar air 
^f^sses is based on the geogi’aphical region in 
^vHich they form. Arctic air masses originate 
o-yei’ the Arctic ice cap or in the great polar 
over the Greenland ice cap. These air 
^^fisses generally form north of the Arctic Cir- 
(66V2° north latitude). The source regions 
polar air masses are generally between 40° 
■find G6J/;° north latitudes. As cold air accu- 
navilates in these source regions, the increasing 
i^ensity causes it to drain southward — to move 
ni.l1; of its source region. Arctic and polar air 
nittsses may move as far south as Cuba and 
^^exico during the winter months. As these 
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air masses move, they bring in clear skies, 
stable air, and low temperatures. 

b. Frontal activity is common between the 
arctic and polar air masses. The cyclones and 
their associated fronts cause some strong wind 
conditions, but the clouds and precipitation 
forming in the cool, dry polar air are not ex- 
tensive. Arctic cold fronts frequently increase 
the temperature at the surface for a short time 
after passage. The mechanical turbulence pro- 
duced by the strong frontal winds may upset 
the sui'face inversion layer, with the warmer 
air from aloft descending to the surface. The 
invasion of arctic air masses into midwestern 
United States brings in the coldest weather of 
the winter over large areas of the country. 


Section II. TROPICAL WEATHER 


T’ . General 

The Tropics include the vast region lying 
^'^’t.'vveen the Tropic of Cancer and the Tropic of 
Csxp ricorn (23V^“ north latitude and 2BYi° 
south latitude respectively) . Tropical weather 
also occur more than 45° from the Equator, 
especially on the east coast of continents. 

2>. The predominant pressure field in the 
Ti'opics is low and the pressure gradient is 
"vvefilc. The presence of low pressure throughout 
the year is a result of the following two pres- 
sui'e systems: 

(1) The equatorial trough. This trough 
contains the inter tropical convergence 
zone — a zone which migrates north 
and south of the Equator, and is pres- 
ent all year. 

{2) The thevuuil lows. These lows arc 
formed by the intense heating of the 
continents by perpendicular or near- 
perpendicular solar radiation during 
all seasons. 

c. Most weather in the Tropics is air mass 
cl can be classified as oceauic tropical weather 
d coiitiueutal tropical weather. Alonof coastal 
rions and over islands, a transitional effect 
ces place between ocean and land. 

Oceanic (Maritime) Tropical Weather 

Weather over open seas in the Tropics is 
aracterized by cumuliform clouds. About 
e-half of the sky is covered with cumulus 


clouds with bases averaging 2,000 feet and top.s 
averaging 8,000 feet. Frequently these cloud.s 
produce scattered rain showers, but visibility is 
good outside of the shower area.s. 1’ho surfnci' 
air and upper air temperature.s are quite uni- 
fonn over the open ocean. TJio temperature 
variation of the air seldom e.xeeods 2° G. daily 
or annually. The freezing level is approxi- 
mately 16,600 feet throughout tlu* year, SuiTaee 
pressure patterns change v<'ry liLllo (exc(qjt in 
tz’opical storms) and tlie pre.ssuro gmdionl is 
weak. 

9. Island and Coastal Tropical Weather 

a. Daily pressure and teinju'raUn'o variations 
are fairly constant along coastal aretis and over 
islands. The daily land an<l sen bi'eezes control 
the air movement. During the duy, moist ocean 
air moves on-shore and is lifted and heated by 
the land surface. The lifting produces an in- 
crease in the number and Intcnaity of cumuli- 
form clouds and in the amount of precipitation. 
Towering cumulus clouds are often the aviator's 
first indication that ho is appi’oaching an island 
(under the blanket of small ocean cumulus) 
below the aircraft. 

b. Where high mountains parallel the con- 
tinental shorelines or where the continental area 
forms a high plateau, the moisture from the 
maritime air is condensed by orographic lifting 
and adiabatic cooling. The windward slopes 
may receive rainfall exceeding 400 inches a 
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year at some stations where the prevailing 
surface airflow is from a semipermanent high 
pressure cell over the sea toward a thermal low 
over the continent (e.g., Cherripunji, India). 

10. Continental Tropical Weather 

The weather over interior continental areas 
within the Tropics is subject to extreme climatic 
variation. Factors which control the climate 
are the — pressure pattern and windflow ; orien- 
tation, height, and extent of coastal mountain 
ranges; altitude of the continental area; and 
rate of evaporation from the surrounding ocean 
surface. Various combinations of these factors 
produce tropical weather ranging from the hot 
humid climate of the lower Congo River to the 
arid Libyan Desert and the snowcapped moun- 
tains of Kenya and South America. However, 
the two major climatic groups of the tropical 
continental areas are the arid (or seraiarid) 
climates, and the humid (jungle or rain forest) 
climates. 

a. Arid Tropical Weather. The climate for 
land areas to the lee of mountain ranges or on 
high plateaus is characterized by hot, diy, un- 
stable continental air (e.g., the desert regions 
of South America and Africa). The afternoon 
temperature may be in excess of 100° F. in 
these areas, but the night temperature may 
drop below freezing. Strong convection is pres- 
ent during the day, but the I’elative humidity is 
so low at the surface that the cumuliform cloud 
bases are above 10,000 feet. Precipitation fall- 
ing from high-based thunderstorm clouds often 
evaporates completely before reaching the sur- 
face. The “dry” thunderstorms, howevei’, pro- 
duce squall winds and may cause severe dust 
or sandstorms. These stoiuns are a hazard to 
aircraft because of the severe turbulence aloft 
and the restricted ceiling and visibility, accom- 
panied by gusts and squalls, at the surface. The 
blowing sand may cause extensive damage to 
inadequately protected aircraft on the ground. 

b. Humid Tropical Weather. Where no moun- 
tains or high terrain are present to obstruct the 
flow of maritime air onshore, the warm moist 
oceanic air influences wide continental areas of 
the Tropics. Cloudiness and precipitation are 
at a maximum over these regions of jungle and 
tropical rain forests. 

(1) In humid tropical climates, the daily 


variation of wind direction and speed 
determines the daily variation in cloud- 
iness, temperature, and precipitation. 
Slight shifts in the wind direction may 
cause the air to lose its moisture over 
hills or to come from a different ma- 
rine source region with less moisture. 
Slight increases in wind speed may re- 
duce local contact heating and result in 
fewer convective currents and clouds. 

(2) Clouds are predominantly cumuliform 
\Vith afternoon cumulonimbus, but 
thick early-morning steam fog often 
forms in the jungles. The average day- 
time cloud coverage is approximately 
60 percent of the sky throughout the 
year, with maximum cloud coverage 
during the clay and minimum near sun- 
set. The high moisture content and 
extensive cloud coverage reduce sum- 
mer heating and winter cooling. 

(3) The annual range in temperature for 
jungle stations may be less than 2° F., 
but the daily range is often 30” F. or 
more. When afternoon showers occur, 
the descending cold air currents may 
produce nights with temperatures in 
the 60" F, range. These rain showers 
are very heavy and produce low clouds 
that may reduce ceiling and visibility 
to near zero, 

1 1 . Other Tropical Phenomena 

The principal types of special weather phe- 
nomena observed in the Tropics are tropical 
cyclones (pars. 4—11 through 4-24), monsoons 
(par. 4-27) , easterly waves, the trade inversion, 
and the intertropical convergence zone, 

a. Trade Inversion. Water surfaces cover 
most of the area in the Tropics. Convective 
mixing in the lower levels carries the moisture 
from the warm ocean surface up to approxi- 
mately 8,000 feet. The actual height of the 
moist layer varies considerably, depending on 
the pai'ticular local synoptic weather situation. 
Above the moist layer is a very dry air layer 
caused by subsidence in the subtropical oceanic 
anticyclones. The two layers are separated by 
a well-defined temperature inversion known as 
a trade inversion (fig. 1II-4) . The actual height 
of the trade inversion is a qualitative indication 
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of whether convergence or divergence is occur- 
ring in the lower levels (moist air layers) . The 
moist layer will be considerably higher than 
average if the air is converging at or near the 
surface. The inversion will be lower than aver- 
age if the air is diverging (has sinking air cur- 
rents) at the surface. Flight above the trade 
inversion avoids the roughness and cloudiness 
of the moist air layer. 

b. Intertropical Coyivergence Zone. The sub- 
tropical high pressure areas of both hemispheres 
are separated in the region of the heat equator 
by a trough of low pressure in which hot tropi- 
cal air is converging and rising. This is called 
the intertropical convergence zone (ITC). The 
ITC is not a true front because the discontinuity 
of the air density is not significant. The con- 
vergence zone has the appearance of a front, 
however, because the rising warm, moist air 
produces a line of towering cumulus clouds and 


thunderstorm activity, with tops of the clou 
above 60,000 feet. The ITC moves consideral 
northward in the summer and somewhat sout 
ward in the winter as a result of the migrati 
of the direct rays of solar radiation with t 
seasons (fig. III-6) . 

c. Easterly Waves. Easterly waves arc lin 
of definite wind shift and barometer depress! 
(fig, ni-6) originating near the southeaste 
perimeter of the subtropical high pressure ce 
in the Northern Hemisphere. The top of 1 
moist layer of air (trade inversion) is Ic 
(6,000 to 8,000 feet) and the sky condition 
either clear or scattered, with cumulus cloui 
west of the wave. The moist air layer fr 
quenlly extends to 16,000 feet, or more, eas 
ward of the surface position of the wave. 1 
this area, thunderstorms, low ceilings, rain, ar 
bad we^ither predominate. The bad wcathc 
forms a line, normally oriented north -south, ai: 
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resembles the cold frontal weather of the mid- 
dle latitudes. Easterly waves travel around the 
southern periphery of the subtropical highs 
from east to west, with the prevailing easterly 
circulation typical of the Tropics in the North- 
ern Hemisphere. These atmospheric waves are 
common in all seasons of the year but are strong- 
est in the summer and early fall. Occasionally 


the effects of easterly waves are felt along the 
Gulf coast section of the United States. Waves 
which are originally weak and hardly discernible 
on the weather map may deepen rapidly in 24 
hours and become the spawning ground of tropi- 
cal cyclones and hurricanes. 

d. Other Bad Weather Zones. There are sev- 
eral less frequent atmospheric discontinuities 
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Figure 111-6. An easterly wave. 
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which develop in the tropical airstreams. These 
often appear in synoptic charts as weak polar 
troughs extending* from middle latitude frontal 
systems. The weather along a polar trough 
(fig. III-Y) is similar to that found along an 
easterly wave, but its movement is from west 
to east and it is accompanied by a considerable 
temperature reduction. The cloud system tends 
to weaken as the trough moves eastward, 
whereas the easterly wave is very likely to in- 
tensify as it moves westward. Shear lines (fig. 
111-8) also form in the Tropics when the leading 
edge of a continental polar air mass advances 
southward and displaces the semipermanent 
oceanic high. Mixing in the southern latitudes 
causes the density discontinuities across the 
front to disappear, leaving only a wind shift 
across the diffuse front. Convergence and cu- 
muliform activity may still be found along this 
wind shift line. As the anticyclone behind the 
shear line advances, the high pressure area 
ahead of the shear line tends to weaken and 
the two highs gradually merge. The narrow 
band of bad weather is then replaced by a fresh- 
ening of the trade winds. 

12, Flight Problems Within the Tropics 

In tropical regions over the ocean, weather 
observation and reporting stations are few and 
far between. The aviator must often use his 
knowledge of the normal height of the moist 
layer and cloud tops to detect his approach to 
a zone of bad weather. 

a. Flight in the ITCZ^ The density and verti- 
cal extent of the cumulus clouds in thelTCZvary 
considerably. Most of the time a scattered row 
of cumulonimbus, accompanied by considerable 
middle and high clouds, typifies thelTCZ/ These 
clouds occasionally become so congested it is 
impossible to circumnavigate them. The tech- 
nique for crossing thelTCZ is detei'mined from 
the performance capabilities of the aircraft. 
With aircraft service ceilings of 16,000 feet or 
more, the aviator rarely has difficulty in climb- 
ing over saddlebacks between cloud tops. Clouds 
whose tops are less than 14,000 feet normally 
do not contain serious hazards because the tops 
are still below the freezing level. The principal 
danger during low-level flight under the clouds 
(where the precipitation is light), or during 
actual cloud penetration, lies in entering the 


cumulonimbus clouds whose tops extend wei 
above the freezing level. In these thunder- 
storms strong turbulence, gusts, hail, lightning, 
and heavy precipitation are present. When ap- 
proaching thelTCZ^, it is dangerous to fly into 
clouds when the actual heights of the tops are 
unknown. The aviator should not attempt a 
low-level flight under thunderstorms and large 
buildups unless good ceilings and. visibilities 
exist. 

b. Flight in Other Bad W eather Areas. Flight 
through any of the special tropical weather phe- 
nomena presents problems of turbulence and 
moisture similar to the ITGZ. Most of these 
zone.s offer a favorable spawning area for tropi- 
cal cyclones, with the storm intensities varying 
greatly in short periods of time. Where these 
storm areas are located over warm tropical 
oceans, the turbulence is stronger during the 
evening hours. 



FigiQX 111^7. The polar trough in tko Tropica. 
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APPENDIX IV 
CLIMATOLOGY 


Section I. INTRODUCTION 


1. Terminology 

Both meteorology and climatology deal with 
the atmosphere and the processes that take place 
within the atmosphere. Meteorology is the 
study of current conditions of the atmosphere, 
whereas climatology is the study of all of the 
meteorological elements that characterize the 
average and extreme conditions of the atmos- 
phere over a specified period of time at any one 
place or region of the earth's surface. Special 
meanings for several terms of climatology must 
be understood for the subject to be of significant 
value. 

I a. Mean. The term “mean” normally refers 
to the arithmetic mean, which is obtained in the 
same manner as the arithmetic average. How- 
ever, meteorologists have found that a modified 
method of computing the mean is satisfactory 
for climatological data. The mean is obtained 
by averaging the maximum and minimum values 
for the pertinent meteorological element. For 
example, if the maximum temperature for the 
day is 75° F. and the minimum is 57° P., the 
mean temperature for the day is 66° F. In 
most cases, the difference in the mean obtained 
by averaging extremes and by averaging the 
temperature for each hour during the day is 
slight. In analyzing weather data, the terms 
“average” and “mean” are often used inter- 
changeably. 

h. Absolute, The term “absolute” usually is 
applied in climatology to the extreme value for 
any given meteorological element recorded at 

^the place of observation. If the highest tem- 
perature ever recorded at a particular station 
has been 106° F. and the lowest recorded tem- 
perature has been —15° F., these values are the 
absolute maximum and absolute minimum for 


that station. The absolute recorded range of 
temperature at the station has been 121° F. 

c. Extreme. The term “extreme” is applied 
to the highest or lowest values for a particular 
meteorological element which have occurred 
over a period of time (usually months, seasons, 
years, or a number of years) . At times it is also 
applied to the average of the highest and lowest 
values over a month or year, such as mean 
monthly extremes or mean annual extremes. 

d. Normal. The term “normal” is applied 
to the average value which any meteorological 
element has during a specific period of time 
(i.e., a day, a year, or a period of years). The 
normal serves as a standard for comparison 
with values occurring over a subsequent or spe- 
cified period of time. 

2 . Classification of Climate 

a. The climate of a given region or locality 
is determined by a combination of several me- 
teorological elements such as cloudiness, dew, 
humidity, ice, rain, pressure, temperature, wind 
force, and wind direction — not by any one cle- 
ment alone. No two locations have exactly the 
same climate. They may have similar tempera- 
ture climates but very different precipitation 
climates. Their climatic difference becomes ap- 
parent only if more than one climatic factor is 
considered. However, it is possible to place 
similar areas into a grouping known as a cli- 
matic zone. 

b. Climatic zones are often classified into five 
broad belts based on astronomical and mathe- 
matical considerations. The five basic regions 
are the Torrid or Tropical Zone, the two Tem- 
perate Zones, and the two Polar Zones. 

(1) The Tropical Zone is limited on the 
north by the Tropic of Cancer and on 
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the south by the Tropic of Capricorn, 
located at latitudes 23 1/2° north and 
south respectively, 

(2) The Temperate Zone of the Northern 
Hemisphere is limited on the south by 
the Tropic of Cancer and on the north 
by the Arctic Circle located at latitude 
661/2° north, 

(3) The Temperate Zone of the Southern 
Hemisphere is bounded on the north 
by the Tropic of Capricorn and on the 
south by the Antarctic Circle located 
at latitude 66i/^° south. 

(4) The Polar Zones are hounded by the 
Arctic and Antarctic Circles. (For a 
map of the world showing meridians 
and parallels, see fig. IV-2). 

c. Climatic zones may also be arbitrarily des- 
ignated in terms of isotherms. Isotherms nor- 
mally do not coincide with latitude lines (fig. 
IV-1), The astronomical (light) zones differ 
from the zones of heat (isotherms) because of 
the differential in heating between oceans and 
continents, the circulation of ocean currents, 
and the polar outbreaks in the secondary cir- 
culation, One method of classifying climatic 
zones by isotherms is by limiting the Hot Belt 
by the two mean annual isotherms of 68° F, 
The asyrnmetrical distribution of land in the 
lower latitudes of both hemispheres results in 
an asymmetrical position of the Hot Belt with 
reference to the Equator. The belt extends far- 
ther north than south and increases in width 
over the continents (fig. IV-1). The boundary 
between the Temperate and Polar Zones is the 
isotherm of 50° F. for the warmest month of 
the year. 


d. Any classification of climate depends 
the purpose of the classification. A classifi( 
tion for the purpose of establishing airfiei 
would differ considerably from one for estj 
Ushmg the limits of areas that are favoral 
f f of crops. The classificatio 

^tablished by Koeppen and Thornthwaite a 
based on growth of vegetation. Koeppen ua 
va ues of temperature, precipitation amou^ 
and season of maximum precipitation; Thor 
thwaite placed emphasis on the effectiveness 
p ^ipitation (i.e., the relationship between pi 
cipitation and evaporation in a certain locality 
lV-2 


3. Climatic Controls 

The variation of climatic elements from place 
to place and season to season is caused by sev- 
eral factors culled climatic controls. These con- 
trols acting in different combinations and with 
varying intensities, affect temperature, precipi- 
tation, humidity, air pressure, and winds to 
produce the many types of weather and climate. 

a. Latitude. The position of the earth rela- 
tive to the sup is the most important climatic 
control. The more directly the sun shines over- 
head, the more heating occurs on the surface. 
Cloudiness and surface composition vary the 
daily heat distribution to a alight extent, but 
during any significant period of time the low 
latitudes receive much more heating from the 
sun than the high latitudes. This uneven heat- 
ing on the earth’s surface is responsible for 
the formation of pressure and wind systems 
throughout the world (fig. IV-2). 

(1) In the hot humid climates of equatorial 
Africa and South America^ there is no 
time throughout the year when the sun 
is low in the heavens at noon, Very 
little difference exists between the 
mean temperature for the coUlost 
month and tho warmest month. Ex- 
cept near the outer limits and at high 
elevations, this belt is free of frost. 

(2) In the polar regions, the sun is either 
below the horizon or slightly above the 
horizon throughout the year. The sun’s 
rays intersect the earth’s surface at 
such a small angle that the energy 
received per unit area is cxlromely 
small. The effectiveness of tho sun is 
lost, even though it may shine con- 
tinuously for months. Most surfaces 
in polar regions are covered with per- 
petual snow and ice. 

(3) Between the equatorial belt and tho 
two polar regions are the great tem- 
perate belts. These areas have a wide 
climatic variation because of tho fol- 
lowing: Frontal activity between tho 
polar and tropical air masses, the un- 1 ' 
even distribution of large continental 
and maritime surfaces, and the migra- 
tory nature of the cyclones and anti- 
cyclones of the secondary circulation. 




Figure /V— Jt. Tem/perature zones. 



TM 1-300 


10 June 1963 













10 June 1963 


TM 1-300 


Still, the climatic variation of the 
Temperate Zone is an end-product of 
latitudinal heat variation, (par. 4-2) . 
6. Continental and Marine Influences. Many 
stations located at the same latitude vary greatly 
in climate because of maritime and continental 
influences. Stations located far inland will nor- 
mally have colder winters and warmer summers 
than those located near the ocean. Stations 
affected by marine influences tend to have cool 
breezes during the summer and warm air advec- 
tion during the winter, a large percentage of 
sky coverage throughout the year to reduce day- 
time heating and nightime cooling, and large 
amounts of precipitation throughout the year. 

c. Winds. Prevailing wind belts of the Pri- 
mary Circulation have a strong influence on 
climate. 

(1) The prevailing westerly winds which 
blow over the United States carry with 
them the cyclonic and anticyclonic sys- 
tems that provide a variety of weather 
conditions in the Temperate Zones. 
The northwestern coastal region of the 
United Slates is under the influence 
of the aii’ masses that move inland 
from the Pacific, and therefore has a 
marine climate. The east coast of the 
United States is affected climatically 
by the modifications that the air masses 
undergo as they cross the great ex- 
panse of land to the west. The climate 
is predominantly continental, with oc- 
casional invasions by air masses from 
the Atlantic Ocean. The temperatures 
are generally milder on the west coast 
than on the east coast. 

(2) Normally, the climate on the windward 
sides of the mountains is much wetter 
than that on the leeward sides. The 
heaviest rainfall of the United States 
is on the western slopes of the coastal 
mountains in the State of Washington. 
The eastern slopes are considerably 
drier where the prevailing westeidies 
cause the air to descend and warm 
adiabatically. 

(3) In the Northern Hemisphere, where 
the land areas are extremely large, the 
annual heating and cooling cause a 
seasonal monsoon effect. The winds 


blow from sea to land in the summer 
and from land to sea in winter. In 
India, the rainy season from June to 
Septeml>er is directly attributable to 
the humid air being brought from the 
ocean over the mountainous land area 
by the prevailing surface wind. 
cl. Pressure. Although pressure itself is not 
a climatological element, the pressure gradient, 
which is a result of the temperature differences 
between various parts of the earth, produces 
the wind. The movement of the air brings about 
the temperature, humidity, and precipitation 
which make up climate. 

e. Ocean Currents. Although the coast of 
Norway is north of 60° latitude, the climate is 
mild enough to permit ocean transportation into 
ports on the Atlantic throughout most of the 
long winter. The moderation of the Norwegian 
climate is the effect of the warm ocean current 
which sweeps across the Atlantic Ocean from 
the equatorial region. The cold ocean current 
off the coast of California is a decisive factor 
in producing cool temperatures in cities such 
as San Francisco in the summer. Ocean cur- 
rents (fig. IV~3) and wind systems work to- 
gether as climatic controls. 

/. Cyclonic Activity. Frontal systems, ac- 
companied by stormy weather and low pressure, 
are associated with the cyclonic systems of the 
Temperate Zones. The anticyclonic systems 
usually bring better weather conditions for a 
time. These systems move across the country 
from west to east, and give a great deal of 
variety to the weather of the Temperate Zones. 

g. Altitnde. The height of an area above sea 
level exerts a considerable influence on the air 
temperature and the amount oC precipitation. 
Air which is lifted to a higher altitude expands 
and cools adiabatically, tending to produce 
cooler temperatures at stations of high eleva- 
tion. Air at high altitudes is low in density and 
frequently free of impurities or moisture. As 
a result of the clear pure air, the terrestrial 
radiation from the surface is not absorbed in 
large quantities ; the clear air remains relatively 
cooler than the impure air at lower elevations. 
Moisture moving with the wind from maritime 
areas onto continents is usually condensed from 
the air on the windward slopes so that the air 
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reaching the higher altitudes is quite dry and 
free of precipitation. 

h. Mountain Barriers, Long chains of moun- 
tains deflect the tracks of cyclones and block 
the passage of air masses in the lower levels. 
If the pressure gradients are strong enough to 
force the air masses over the mountains, the 
forced ascent and descent will modify the air 
masses to a great extent, thus changing the 
weather conditions between the windward and 
leeward sides. 

(1) The Himalayas and Alps, with an east- 
west orientation, prevent fresh polar 
air masses from advancing southward. 
Therefore, the climates of India and 
Italy are warmer in winter than other 
locations of the same latitude that do 
not have a mountain barrier on their 
northern borders. The coastal moun- 
tain ranges in western North America 
run in a north-south line and prevent 
the passage of unmodified maritime 
air masses to the lee side. Precipita- 
tion amounts are much higher on the 
windward side than on the lee side 
where desert areas predominate. 

(2) In regions where a westerly circula- 
tion prevails, precipitation increases 
uniformly up to the tops of the moun- 
tains (to elevations of about 10,000 
feet) . In the Trade Wind zone, such 
as the Hawaiian Islands, precipitation 
increases to a maximum at about 3,000 
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feet and then decreases gradually, but 
more rain occurs at 6,000 feet than at 
sea level. 

4. Climatological Characteristics of 
Air Masses 

The climatological characteristics of air 
masses depend upon the surface properties of 
air mass source regions and the areas over 
which the air masses travel. The classification 
of world air masses (fig. IV-2) is based on the 
geographical location of the source regions, 
which is an indication of the temperature of the 
surface over which they form. The designation 
of air masses as Equatorial, Tropical, Polar, or 
Arctic indicates the location of the source region 
in a particular latitude belt. Equatorial air is 
warm and humid. Ti'opical air masses may 
originate over either ocean or land areas. Those 
originating over land areas are hot and dry; 
those originating over ocean areas are hot and 
humid, the humidity being especially high in 
the lower layers. Polar air masses originate in 
high latitudes over either ocean or land areas. 
These air masses may be cold and dry or cold 
and humid, depending upon the place of origin. 
Arctic air masses are extremely cold and dry 
because of the snow and ice surfaces over which 
they stagnate. For a complete discussion of the 
modifications in air masses as they move from 
their source region, see paragraphs 6-1 through 
6 - 6 . 


Section II. CLIMATOLOGICAL RECORDS 


5. Climatological Data 

Climatological records are based on meteoro- 
logical observations taken at a particular local- 
ity. This data may be presented as follows : 

a. Temperature. Temperature records in- 
clude the following values : daily maximums and 
minimums by month, the extremes, the average 
by year and month, the mean monthly and an- 
nual readings, and the mean monthly maximum 
and minimum. The number of degree-days by 
month and year may also be included. A degree- 
day is the departure of the mean temperature 
from a daily average temperature of 65“ F. 
If the mean temperature for a particular date 
was 50“ F., the number of degree-days for that 
date would be 15. The range between the mean 


temperature of the warmest month and the 
coldest month also has climatic significance. 

b. Precipitation. In addition to hourly and 
daily precipitation amounts, precipitation rec- 
ords also include the mean annual and monthly 
totals. The range between the highest and the 
lowest annual rainfall for a locality may be 
important as an indication of the dependability 
of the precipitation. The recoi’ds often include 
the absolute maximum rainfall and snowfall for 
a 24-hour period by month, as well as the maxi- 
mum and minimum precipitation for each month. 

c. Wind, Wind data includes the mean hourly 
speed and prevailing wind direction by month, 
as well as the speed and direction of the strong- 
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est wind for each of the 12 months and for 
the year. 

d. Other Dato,. Data on cloudiness, humidity, 
thunderstorms, and fog are often recorded. 
Other helpful data includes the frequency and 
distribution of cyclones and anticyclones, pas- 
sage of fronts, the proportion of rainfall and 
snowfall received from cyclonic and air mass 
storms, and climatological data on upper air 
conditions. 

6. Methods of Presentation 

Climatological information is presented in 
many different ways. Tables provide a means 
for summarizing statistical data in a small 
space. Graphs are especially helpful in present- 
ing comparative data for two or more areas. 
Maps present climatic information in which 
geography is an important factor. Wind data 
is often shown by a wind rose, which indicates 
prevailing wind directions (fig. IV-4) . Although 
each of these devices has a specific and useful 
purpose, most climatological data must be de- 
scribed in narrative form. 
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Figure IV-i, A wind rose. 


7. Interpretation 

a. Climatological records are almost worth- 
less unless interpreted correctly. To properly 
interpret just one meteorological element re- 
quires the study of all the available data, From 
an isolated study of temperature alone, for ex- 
ample, it is possible to arrive at the false con- 
clusion that Cairo, Egypt, and Galveston, Texas, 
have the same type of climate. Their yearly and 
monthly means and their annual temperature 
ranges are much the same. However, Galveston 
has about 40 times as much precipitation as 
Cairo, so weather conditions during the year 
are quite different. 

b. The temperature of a particular locality 
must be studied fi’om the standpoint of mean, 
extremes, and diurnal and annual ranges. The 
effectiveness of precipitation depends on the 
amount and distribution of the precipitation 
and the rate of evaporation from the surface. 
The mean precipitation for a pai’ticular month 
for a locality may be several inches, but in some 
years the precipitation for a particular month 
is less than 1 inch. 

8. Availability and Uses of Climatological ^ 

Dato 

Most weather stations have climatological 
records available for the local area and for such 
other areas as may be necessary to cai’ry out 
their mission. Climatology is an essential sup- 
plement to meteorology, but it is not a substitute 
for the meteorological data which constitutes a 
current weather condition. Use of climatologi- 
cal data includes the following aviation applica- 
tions and considerations: 

a. In locating an airfield, fog probability is 
an important consideration. Gi’ound fog tends 
to drain into an area that is located in a topo- 
graphical depression. When ground fog occurs, 
a station located in this area would be the first 
to be fogged in, and the last to have the fog 
dissipate. Effects of advection fog in an area 
can be minimized by selecting an airfield site 
where the prevailing wind during such fogs has 

a downslope component, so that adiabatic heat- / 
ing will dissipate the fog. 

b. The site of an airfield to be located in an 
industrial area should be to the windward side 
of the industrial area to minimize reduced visi- 
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bility due to smoke and haze. Airfields should 
not be located near the lee side of high ob- 
structions which could produce dangerous eddy 
currents. 

c. A study of available climatological data at a 
location will reveal the frequency of low ceilings 
which would adversely affect flight operations. 

d. Frontal passages bring about significant 
changes in flying conditions. The annual and 
monthly passage of frontal systems, the normal 
speed of the frontal movement, the seasonal 
variation in frequency and intensity of fronts, 
and the usual weather conditions that accom- 
pany the different types of frontal activity in 
the area are all-important climatic considera- 
tions at an airfield. 

e. The distribution and frequency of thun- 
derstoiTns are important to the location of an 
airfield because of the dangers of gusty winds, 
hail, lightning, and possible tornadoes that ac- 
company many thunderstorms. 


/. The prevailing winds of an area should be 
considered in airfield runway orientation. Data 
should be obtained as to the several wind direc- 
tions that occur with greatest frequency, and 
the speed of the winds from these directions 
(fig. IV-4). 

g. When studying climatological records, all 
the available elements and values should be con- 
sidered. Heavy reliance on the normal values 
that are attached to certain weather elements 
is inadequate because one year or month may 
vary a great deal from the average, with a 
serious effect on the aviation mission. 

h. Detailed studies of climate (including flight 
conditions) in all areas of the world are found 
in section 23 of the “National Intelligence Sum- 
maries.” The content of these summaries is 
classified, but the data can be obtained by the 
Air Weather Service unit or the staff weather 
officer attached to each Army headquarters. 


Section IM. REGIONAL CLIMATOLOGY 


9. North America 

North America has many types of climates 
because of the latitudinal extent of the conti- 
nent, its topography, and the atmospheric cii’- 
culation patterns. However, the continent can 
be divided into regions which have some general 
characteristics in common. 

a. Alaskci, Alaska is a land of contrast. Its 
southern coast, including the Aleutians, is mod- 
erated by the relatively warm waters of the 
Aleutian Current and has a mild and humid 
climate. This portion of Alaska experiences a 
high frequency of cloudiness and fog, with the 
maximum amount of precipitation in the autumn 
and winter. The western and northern coasts 
of Alaska show a rapid transition in both tem- 
perature and precipitation from south to north; 
both decrease rapidly and the precipitation max- 
imum in the north is during the summer. The 
interior of Alaska has a continental type of 
climate. The winters are extremely cold, but 
the summers are warm — the mean temperature 
for January at Fairbanks is -~13° F., and the 
mean for July is 60° F. 

&. Pacific Coast. Considerable seasonal vari- 
ation in precipitation occurs along the noiThern 
and central Pacific coast because of seasonal 


changes in the atmospheric circulation (par. 
4-6) . Heavy precipitation occurs along the 
Canadian coast all year, with a maximum in 
autumn and winter, but the amount decreases 
sharply southward into California. Southern 
California receives only a trace of rain during 
June, July, and August, and receives 93 per- 
cent less rainfall annually than the Canadian 
Pacific coast. Fog is common along the Pacific 
coast in the summer and over the inland valleys 
during the Avinter. The fog in the valleys is a 
radiation fog caused by the stagnation of moist 
polar air in the valley and the radiational cooling 
of the ground. The coastal fog is an advection 
fog formed by the movement of maritime air 
over the cold coastal water. Low stratus clouds 
are common over the southern California coast 
throughout the year. The air temperature along 
the coast increases gradually from north to 
south, but is relatively uniform during all sea- 
sons at individual stations. Compared to inland 
temperatures at the same latitude, the coastal 
areas are warmer in the winter and cooler in 
the summer. 

c. Plateau Region. The Plateau region in- 
cludes the mountainous area from Alaska to 
Mexico. Precipitation is light, with a winter 
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maximum. The amount of precipitation de- 
creases from north to south to such an extent 
that desert regions exist in the southern part of 
the region. The temperature regime is charac- 
terized by cool summers, except in the south, 
and cold winters. 

d. Great Plains. The Great Plains region is 
continental in its characteid sties. The tempera- 
ture varies latitudinally and has a large seasonal 
and diurnal range. Precipitation reaches a 
maximum in the summer. The amount increases 
slightly from north to south, but increases 
greatly from west to east. 

e. Gulf States. Throughout the Gulf States 
the temperature is seasonably high all year. 
Moderate to heavy precipitation occurs all year ; 
a maximum occurs in the summer, with regular 
afternoon thundershowers. Advection fog and 
low stratus are common during the winter. 

/. Eastern North America. There is no pro- 
nounced season of maximum or minimum pre- 
cipitation in eastern North America. Over the 
southeast, the precipitation is heavy, but it 
decreases northward. The temperature varies 
from cold during all seasons in part of Canada 
to warm during all seasons in southern Florida. 
Eastern United States north of 40° latitude is 
subject to periodic change from warm to cold 
and vice versa, caused by frontal passages in all 
sasons. Latitude for latitude, stations along 
3 east coast show temperatures colder in 
nter than west coast stations at the same 
itude, due to the prevailing westerly winds, 
ne climate of the east coast has a much 
tronger continental influence than the west 
coast. For example, the mean temperature for 
January in Norfolk (latitude 37° N.) is 40“ F. 
while the mean for January in San Francisco 
(latitude 38° N.) is 49“ P. The temperature is 
cooler in summer at west coast stations than at 
east coast stations; the July mean for Norfolk 
is 78“ F. and for San Francisco is 67“ F. 

10. Central America 

a. Mexico. 

(1) The east coast of Mexico has high tem- 
peratures in summer and fall. In win- 
ter, the temperatures range from cool 
in the north to warm in the south. 
Precipitation is heavy all year in the 
south, but decreases toward the north 


with a maximum in summer and fall. 

(2) The plateau region of Mexico has 
cool temperatures for the latitude be- 
cause of the high elevation ; however, 
stations show extreme ranges in tem- 
perature from summer to winter, espe- 
cially in the north. In general, the 
precipitation maximum occurs during 
the summer, but is light all year, de- 
creasing from south to north. 

(3) The west coast of Mexico south of 25° 
latitude experiences heavy summer 
precipitation and very dry winters. 
The temperature is high during all 
seasons. 

(4) Northwestern Mexico has a desert cli- 
mate with very slight precipitation in 
late summer. Summer temperatures 
are very Avarm, but low temperatui’es 
may occur during the winter, 

(6) The northern part of Lower Califor- 
nia has a winter precipitation maxi- 
mum and dry summers. Temperatures 
are moderate in both seasons due to 
a marine influence, 

b. Remainder of Central America. Temper- 
atures are generally high over the remainder of 
Central America, but they decrease somewhat 
on the mountains. Precipitation is helvvy, with 
the rainy season in summer and early fall. In 
winter and spring, precipitation is very light 
on the west coast and light to moderate on the 
east coast. 

1 1 . South America 

The climate of South America is not sub- 
ject to the temperature extremes that are prev- 
alent in North America because most of the 
continent is located near the Equator, Also, 
the smaller part of the continent tapers very 
sharply toward the pole. Even the extremely 
cold temperatures of much of the Andes Moun- 
tains are somewhat higher than would be ex- 
pected of such high elevations. Some desert 
areas exist, but they are not as extensive as in 
the Northern Hemisphere. 

a. Andes Region. Due to its great height 
the Andes Mountain chain is an area of per- 
petual snow, even in the equatorial portions. 
The higher levels of the Andes receive precipi- 
tation during all seasons and at all latitudes 
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because of the orographic lifting. The least 
precipitation in South America occurs on the 
westeim slopes of the Andes from about 30° 
south latitude to about 5° south latitude. Pre- 
cipitation is slight because the wind at the lower 
levels is parallel to the coast without significant 
orographic lifting, and the air is stabilized by 
the cold water of the Peru Current. In the mid- 
dle latitudes, on the eastern slope of the Andes, 
rainfall gradually increases toward the south 
where the mountain chain is lowei’, and permits 
some humid air to cross the mountains from 
the west to the east. 
b. Central and Eastei'% Regions^ 

(1) The precipitation is slight between 40° 
south latitude and 60° south latitude, 
but the southern area receives slightly 
more than the northeim area. Temper- 
atures on the east coast are higher 
than on the west coast, but some win- 
ter invasions of cold air occur. North 
of 40° latitude the plains area has 
occasional summer and winter rain. 
Temperatures are very high in sum- 
mer and usually low in winter. The 
coastal region in these altitudes has 
scattered precipitation in all seasons 
with moderate to high temperatures. 

(2) From the Andes to the Brazilian high- 
lands, precipitation is light with a 
summer maximum and a winter mini- 
mum. Temperatures are high with a 
small annual range. A desert region is 
located at approximately 20° south 
latitude and just to the east of the 
widest section of the Andes Moun- 
tains. 

(3) The coastal region from the Tropic of 
Capricorn to 15° south latitude has 
rain in summer and fall, and is dry in 
winter and spring. Temperatures are 
moderate to high during all seasons. 

(4) The east coast of Brazil north to 16° 
south latitude has rain in all seasons, 
with a winter maximum. The rainy 
season actually varies from south to 
north, with the southern region get- 
ting more summer rain and the north- 
ern region getting more fall rain. 
Temperatures are high throughout the 
year. 


(5) The interior of northeast Brazil is 
comparatively dry. It receives occa- 
sional rain in the fall. Temperatures 
are high during all seasons, but the 
annual range is large for this tropical 
latitude. 

c. Giikmas and hoiver Amazon. Near the 
mouth of the Amazon River, the maximum rain- 
fall occurs in the fall. As spring approaches, 
the amount of precipitation diminishes and the 
dry season begins. Temperatures are high in 
all seasons. The Guiana region has two precipi- 
tation maxi mums and two precipitation mini- 
mums. The wet seasons are May and June, 
and December and January; the dry seasons 
are March and April, and September and Octo- 
ber. Temperatures are always high, with the 
warmest periods during the dry seasons. 

cE. Upper Amct^zon. Rainfall in the upper 
Amazon is abundant throughout the year, with 
a maximum occurring in summer. Tempera- 
tures are high throughout the year. The daily 
variation in temperature exceeds the annu' 
variation. 

e. North of the Eq^iator and West of t 
West Longitude, A regime of tropical ra 
with a summer maximum and a winter ir 
mum dominates the climate of Venezuela, 
temperature is high and the annual varia 
is small. Precipitation along the north 
coast depends upon the seasonal displace] 
of the doldrum belt. Near the Gulf of Pan, 
the rainy seasons are spring and fall; the 
seasons are summer and winter. South of 
area distinct dry and rainy seasons exten 
far south as 5° south latitude. The rainy se 
at the southern limit of the area occu 
February, ■ Temperatures are moderate t 
with the highest temperature occurring 
dry season, but the annual range is smj 

12. Europe 

The climate of Europe has two out 
features — (1) the temperatures are m 
erate than would be expected of a ( 
located in such a northerly latitude 1 
(2) no areas are classified as desert. 

a. Northivest Europe. The dim? 
of northwest Europe includes the B 
and the coastal region of the contiin 
northern Spain to coastal Norway, Tht 
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is humid and temperate. Precipitation occurs 
during all seasons, with a fall and early winter 
maximum. More precipitation occurs on the 
coasts than inland. Spring is the driest season. 
During winter this region has high mean tem- 
peratures for the latitude, due to the moderat- 
ing influence of the Gulf Stream and the North 
Atlantic Current. Low-temperature invasions 
of the region are a result of cold air outbreaks 
from the east (fronts and cyclones) , In sum- 
mer, coastal temperatures are cooler than in- 
land temperatures; autumn is warmer than 
spring in inland areas. 

b. Ceyitral Europe. The climatic region of 
Central Europe consists of that portion of the 
continent west of Russia and north of the Alps, 
Yugoslavia, and Bulgaria. This region shows a 
transition from the mild, wet winters of the 
coastal areas to the very cold, dry winters of 
Russia. In the western section, the precipita- 
tion maximum occurs in early winter; in the 
east, it occurs in the summer. Sweden and Fin- 
land have much less precipitation than Norway, 
but in all three of these countries the maximum 
rainfall occurs in summer and fall. The longi- 
tudinal temperature variation is greater than 
the latitudinal variation. In summer, higher 
temperatures occur over the interior than in 
the coastal regions. 

c. Mediterrmean Region, The Mediterra- 
nean region has dry summers and wet falls and 
winters. The precipitation varies considerably 
due to topographic features and seasonal varia- 
tion of the atmospheric circulation (amount of 
frontal activity). Two rainy periods occur 
along the northern Mediterranean — one in 
spring and one in fall. The southern portion 
has only one I’ainy period — in midwinter. Pre- 
cipitation is heavier in the eastern part of this 
region than in the western part. Both summer 
and winter temperatures are mild; however, 
unusually cold outbreaks from the north may 
affect this region. 

d. Alps Region, Due to the elevation, the 
Alps have a climate somewhat different from 

surrounding plains. Large amounts of pre- 

itation occur in all seasons of the year, with 

largest amounts along the slopes. To the 

th, the maximum precipitation occurs in 
ue summer; to the east and south, the maxi- 
mum occurs in the fall ; and in all regions, the 
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minimum occurs during the winter. Mean tei^^ 
peratures are cooler in the mountains than ov^j.- 
the adjacent plains. 

13. Asia 

a. Russia. 

(1) The climates of European Russia an cl 
Asiatic Russia complete the transitioxi 
from the humid temperate climate oiT 
western Europe to the cold continenttil 
climate of central and northern Si- 
beria. 

(2) Most of the precipitation Russia re- 
ceives occurs during the summei*, 
except in the region of the Black Se^i, 
and from the Caspian Sea to Lalco 
Balkhash which has a winter maxi- 
mum, East of the Caspian Sea, tho 
precipitation is very light and results^ 
in a desert climate. The remainder of 
Russia (extending to the Pacific coast; 
of Siberia) has a late summer precipi- 
tation maximum, although the amount 
is light in all seasons. 

(3) The coldest temp ei'atu res of the world, 
with the possible exception of the con- 
tinent of Antarctica, occur in the vi- 
cinity of Verkhoyansk, Siberia. Iii 
summer, however, temperatures aro 
moderate in most regions, with the ex- 
ception of the extremely hot area east 
of the Caspian Sea. 

h, Southiuest Asia. The area from Turkey 
and Arabia to Afghanistan and western Paki- 
stan is a region of rapid weather changes in 
winter, because the air may come from tho 
wann moist Mediterranean Sea or from cold 
dry central Asia. Maximum precipitation occura 
in winter, with the greatest amount occurrinST 
along the coasts ; summer is dry. Arabia has 
vei*y little precipitation in any season, but tho 
coast of the Pakistan region has considerable 
summer rainfall due to the monsoon winds. In 
winter, inland temperature changes are rapid 
and extreme. In summer, inland temperatures 
are hot and coastal temperatures ai’e mild. 
However, sections of Afghanistan and Pakistan 
have mild summer temperatures because o£ 
their high elevation. 

c. Central Asia. The climatic region of cen- 
tral Asia includes the Tibetan plateau and the 
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basin area of China ^\•es( of fheKingaii jMoiintains. 
In general, this region is characterized by cold, dry 
inters and warm summers, with slight-to-inod- 
erate precipit ation. In ( he western section, winter 
and snn liner precipit a( ion are aliont equal, but both 
are slight, Jn the northern ])art of this region, 
(here is very little precipitation in any season, 
which results in desert conditions. Eastern Tibet 
receives moderate precipitation in suniiner. 13e- 
caii.se of the high elevation, tempera tures in Tibet 
are low in all seasons. The basin region of China 
has e.xtreniel}’ warm summers and extremely cold 
irinters. The temperature range, both diurnal and 
annual, is very large. 

d. Burmcu hulla^ and Ccf/fon, The climate of 
this region is controlled hy the Asiatic monsoon. 
January and Februar}' are cool and diy except for 
the nortlnvost, which receives considerable pre- 
cipitation from an onshore prevailing wind. The 
])eriod from March to mid-Jniie is very hot and 
diy, except for the milder coastal regions. The 
period from mid-. rune to mid-September has inod- 
erate-to-heavy rain and cooler temperatures. The 
period from mid-Scptemlier to Deceinlier has mild 
temperatures and clear skies. Additional precipi- 
tation occurs on the coast of Bengal from tropical 
storms. 

p. Japan and the Mm'Uimc Provi-nccs of (Ihina. 

(1) Japan has no dry season. In winter, the 
heaviest precipitation is on the western 
.slopes of (he moimtains; in summer, it is 
on the eastern slopes of (he mountains. 
Winters in northern Japan are warmer 
than (hose in northern China. Winter 
temperatures vary from east, to west, as 
well as from north to south. 

(y) The climate of (he maritime provinces of 
Cliimi is controlled primarily by the 
Asiatic monsoon. Winters arc cold and 
dry and summers are warm and humid 
with moderalo-to-heavy rain. Norih 
China has very cold dry winters, and 
maximum lu’ecipitation in the summer. 
Central China has a temperate climate 
with cold winters and hot siunmers. Pre- 
ci])itation occurs in all seasons, bid. the 
maximum isinsinnmer. South China has 
a subtropical climate except for infre- 
quent, iviiit or ontbreaks of cold continental 
air. 


/. (Superseded) Southeast Asia. 

(1) PJujhicol clun'actenstics. 

(«) licpuhlie of Vietnam. The Republic 
of A^ietnam is predominantly moun- 
tainous, except, for the narrow coastal 
plains and the Mekong River Delta 
area. The Chaine Annamitiqne, a 
series of eroded plateaus extending 
southward along part of the western 
border, is the major geographical fea- 
ture of the country. Aluch of the 
terrain is above 3,000 feet, with many 
peaks above 0,000 feet. The highest 
peak, GO miles west of Quang Ngai, is 
near 10,500 feet. AYith the cxcoiDtion 
of the jMekong, rivers are short and 
flow oast ill dccp-walled valleys. The 
Alekong River branches to form an ex- 
tensive delta ill the south. 

{b) North Vietnam, The lowlands of 
aSTorth ATetnam are primarily confined 
to a 25- to lO-inilc coastal strip, wdnlc 
in the Red River Delta the lowlands 
ex lend inland 75 miles. Mountains 
cover the western and northern por- 
tions of North A^ietnain. The liighesl 
peak is about 15 miles southwest, of Lao 
ICay and extends to 10,312- feet. The 
mountain ranges are oriented north- 
west-southeast. Rivers generally par- 
allel the mountain ranges and in most 
cases flow in deep, narrow gorges. 

(c) Laos. The northern half of Laos con- 
sists of mountains and high plateaus 
t h a t a re c n 1 1 ty deep rii'cr va Ileys. The 
highest peak, 9,242 feet, is about GO 
miles nortlieast of AMentiane. The 
southern half, often called the “pan- 
handle*’ of Laos, is a long narrow region 
consisting of the Chaine Annamitiqne 
in (he east, the Alluvial plains and hills 
near the center, the Plateau des Rolo- 
I'cns in the extreme south, and the low- 
lying valley floor adjoining the Me- 
kong River in the west. There are a 
number of deep, narrow mountain 
pa.sses beUvocn North A^ietiium and 
Laos; the best Icnowii is the Mu Gia 
Pass just south of 18° north latitude. 
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(f^) Oaml)o(Ua. Cambodia is a largo 

broken by ranges of ioW) densely for- 
ested monntaiiis. Flatlands in tlio cen- 
ter form a basin for the ilekong River 
and a large lake, creating excellent 
conditions for rice growing. The 
countryside is dotted with sugar x>alms 
and small rural villages of straw huts 
raised on piles. Cambodia is bordered 
by Thailand, Laos, the Republic of 
Vietnam, and the Gulf of Siam. 

(e) Tkailand. Thailand has a mountain- 
ous northwest frontier with large trop- 
ical forests. The Chao Phraya River 
and its tributaries water the broad cen- 
tral plain where most of the i)eox)le live 
and most of the country’s large rice 
crop is grown. The great Mekong 
River which flows from China to south- 
ern Vietnam forms Thailand’s border 
with Laos and Cambodia. 

(2) Southwest monsoon. 

{a) The southwest monsoon is strongest 
during tTuly and August and is a ro- 
sull of the intertropical convergence 
zone (ITCZ) (fig. IV-6). The ITCZ 
is defined ns the area or zone of con- 
verging winds near Ihc latilndinal 
position of (he .sun. The air (hat com- 
prises (lie .soiitJiwest flow ha.s passed 
over thousands of miles of tropical 
oceans as it moves out of Australia, 
over the southw’cslern Pacific and 
Indian Oceans, and finally across the 
Gulf of Siam. The air that arrives 
(jver the Republic of Vietnam is warm, 
moisi, and unstable. Additional sur- 
face heating and lifting of (ho air by 
tlie mouniain.s will trigger off cumulus 
cloud.S’ and frequent thunderstorms. 
Therefore, the southwest monsoon 
weather is characterized by frequent 
sliowers, high humidities, high tem- 
peratures, numerous IhimdeL’storms, 
and extensive cloudiness in the sontb- 
ern lowlands and the interior higb- 
lands. The sequence of daily weather 
over most of southeast Asia normally 
takes the following patterns: 


/. 0000 to JOOO Z.s7'— Patches of fog and 
dense stratus Avith frequent light rain 
or drizzle in the mountains. Patches 
of fog and low stratus will form 
along the rivers and marshlands. 

1000 to ISOO LST — Ciimnliis clouds 
begin to develop and gradually groAv 
in size. 

tSOO to fiSOO LST — Cumulus clouds in- 
crease in lieig'ht and amount with 
many shoAvers and ihimderstorms oc- 
curring throughoAit southeast. Asia. 
Thunderstorms occur most fre- 
quently over the mountains but 
seldom form solid lines such as squall 
lines that are common in ihc Gonth- 
castern United Stales. 

L iiOOO to 0200 LSI ' — ^^riumderstorms 
normally dissipate and rain sliOAVcrs 
cease in many locations; lioAvcver, 
thunderstorms frequently continue 
until after sunrise in (lie monntaiiis. 
0. 0200 to 0000 (binmlus clouds 

will gradually dishipali' until only a 
I'cAv mi<l(tU‘ and Ingli clouds remain. 
I'kig and sli'atus will begin lo form 
lute ill tiic pm’iod. 

ih) Continuous rain is infrequent during 
(he soul Invest, monsoon, even though 
most, stations experienee some rain 
nearly every day. fleavy rains, hoAV- 
ever, Aviil fall eontimiously over the 
area for several hours Avhen typhoons 
move inland or near the mainland. 
Tlie number of days per montli Avitli 
preeipitalion is (juile high during the 
southAvest monsoon, averaging it) days 
per month at all locations exeexft along 
the northeastern coast, of the Repvilflio 
of Vietnam and the southeast coast oX 
North Viet nam. Many locations in (ho 
highlands and along the southern coast 
of the Republic of Vietnam average 20 
(o 25 days with rain during tliis x>m’iocl.; 

(11) Northeast monsoon. The northeast mon-i 
soon begins in southeast. Asia during 064 
(ober and x)rcdonnih)ates over the arcann-1 
til mid-March. This is the result of the' 
souUiAvard migration of the intorlroincaV; 
convergence zone (fig. IV~6), During 
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file northeast monsoon, the low-level 
winds up to 6, 000 feet are pereistently 
from the northeast. Except for the east- 
ern coastlaiids, this is the dry season. 

<7. East Indian Islrmds. The East Indies Imve 
a tropical rainy climate. Temperatures am high, 
\vi til very si iglit season al varia ti on . Precipitation 
occiir.s in all seasons; but, clue to the movement 
of the doldrums, the maxiimun rain occurs from 
•Tune to October in regions north of 5 ° nortli lati- 
tude and from Pecember to April in regions south 
of south latitude. Around the Ecpiator, pre- 
npitation is uni form throughout the year. 

14. Africa 

Because the continent of Africa extends for an 
ihnost equal distance on each side of the Equator, 
ho various climates of the northern portion are 
•oughly paralleled in the sou them part. How- 
'ver, the desert region of southwestern Africa is 
iot as extensive as that of the Sahara in the north- 
vest. The continent i.s relatively high throngh- 
nit, with few real lowland areas. For the most 
)art, it is a liot continent, with a tropical or snb- 
ropical climate. It would he e\'PU hotter if it 
vere not for the extensive plateaus and numerous 
nountains. Tfowever, it has no great, mountain 
jystems com2)ara.ble to the Andes, Bocldes, or 
Tiinalayas in other continents. Africa is not a 
.ource region for <‘old continental air mu.sse.s, nor 
lo such air masses invade the continent, since it is 
uirrounded by vast bodies of water to the south. 

d. Eorth .l/;vVn. This region includes the 
■oastal areas from ^Eorocco to Cairo, Egypt and 
ho inland monntains of IMorocco and Tunis. 
Prccq^itation is at a iinixinium in winter, with 
Iry summers. "Winters are mild and summers are 
*(>(>1 for the latitude. 

h, Sahara . The region of the Sahara ex- 
tends from the coastal area (« above) in the north 
to l.T" or north latitude. Precipitation in this 
region is negligible. The northern part borders 
on llic bell of ('oastal precitiitatioii in the winter 
and the stmt hern jiart borders on the region af- 
fe<‘(ed by the northward dis^ilneement. of the 
dolclruin belt. Some violent tlunidcrst onus occur 
over the liigh luonnlains in the central regions. 
Tcnniemtures sliow high daytime values and very 
large diurnal variation. Temiicralures are cooler 
in the central pari where the elevation is high. 


c. Sudan ((fid (riiineo ('oast. The climate l)e- 
tween ir>° nortli latitude and In'* south latit.ude 
is influenced by the doklrnm belt moving north- 
ward or southward. Free qiitat ion is charac- 
terized by a heavy summer inuxinmm. Near the 
northern and .southern houndaries of the region, 
one precij)itatiou muximiim occurs, with little or 
no precipilntion during the dry sea.son. Nearer 
the Equator, the rain 000111*3 for a long period of 
time with two maximuiiis and one real miiiimum 
during the iieriod. Bain is iilentiful during all 
seasons at the Equator, Coastal stations receive 
more tireeiiiitation than inland stations. On the 
e<[uatorial coasts, tenqieratiires arc always high, 
but roach a maximum just before the rainy season. 
Inland, the winter season tenqieralurcs are lower 
and the siminier season temperatures are higher 
than at the coa.stal stations. East of 10 ° east lon- 
gitude and between 15 ° latitude nortli and south, 
the continental atl’cet is [iresent. T^ess ^irccipita- 
t ioii and higher mean smnmer tein^ieraUircs occur. 

d. Oameroons to Southwest Aff'iea. South of 
the Equator there is a (raii.sitional belt from equa- 
torial rains to the desert conditions at * 20 ° south 
latitude. Preciiiitatioii along the coast of this 
reg'ion is loss than along the coast north of the 
Equator. Coastal precipitation in this area shows 
a definite trend: heavy rain from May to October 
in the Cameroons: rain from September to Maj*, 
and a dry season from .Tuly lo August near the 
Equator; and a gradual decuvase in jireciiiitatioii 
with increasing latitude to 20 ° south latitude 
where desert conditions begin. Precipitation in- 
land is similar to that of the coast. The upper 
Congo has a maxiimim in July and August, equa- 
torial regions haw precii>itatioii in all seasons, and 
the south Congo is very dry from May lo Septem- 
ber. Temperatures vary from uniformly high 
equatorial temperatures to liigh summer and low 
winter temjieratiires over the desert. 

c. South Afr(c((. South Africa has a varied 
climate, due to .seasonal variation and loiiograpliy. 
Tlie Cajie of Good Hope has winter (Jiiiie-July) 
precipitation and smnmer (Docember'-Jainiary) 
dryness. The west eoasl has slight winter preeijii- 
(ation, increasing from north to south. The east 
coast has i^recipitation in all seasons, with a maxi- 
mum in smnmer. Inland regions have jirecipita- 
tion in spring and summer. The longitudinal tem- 
perature i^ariation from a cool west coast to a Avarm 
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INI'-! 


I. Lnonu'r than the latitiulinal tcmpera- 


I in»‘ \ ni'jat uai. 


( )nl\ tlie inhuul valleys have warm 


uHiui'l riiiulitioi)'' in the low latitudes. 

/. J //•//-/. Tlie rlimatie region of East 
A fi i- a in--lnile- ihe ea-l eoasi and east central por- 
iii.u finin -JO MnUh latitude to the Red Sea. Tho 
ilimare i- extremely varied due to irregular to- 
and the -easonal eircuhition changes. 
'I'Jii* pietipn.itmii regime \arics from south to 
imiih. -nuth nl‘ in’- ^outh latitude precipitation is 
fe*.u \ Kt imaleiate in suininer, and slight in win- 
rei : in lven\a. I gaiida, and Tanganyika precipita- 
litiu \arie' from a single summer inaximum in the 
-oiitii to a dotihle maxinium (spring and fall) in 
the north with hea\ ier precipitation occurring in- 
l.uid than alotig tlie coast: Ethiopia, Eritrea, and 
.^oiiialilaiid tia\e a sunnner maximum of precipita- 
tion. witli sliirhr winter precipitation (again, 
(/».}'{. il aie.H have less |jreeipi(at ion than inland 
.irea-) : the iioi thea'.t coast is dry, even in summer, 
hut the r/M-f.d legion hordering the Red Sea has 


slight winter rain. Tho liighest. temperatures oc 
cur at the end of the dry season and are lowest in 
tho winter dry season. At all times, temperatures 
are moderate to high. 

15. AustraRa 

Ti'o})ieal and .subtropical climates domiiiate 
Australia. This is because the continent extends 
from 10° t<)d0° south latitude and has no extensive 
system of high inoimtains, TJie climatic region.s 
are as folloxvs: 

(t. Northern ('ocmtid Region. Precipitation in 
this region is moderate to heavy in Die .summer. 
There is slight wdiitcr rainfall in the eastern sec- 
tion, l)ut none in tho western .section. The north- 
east coast of Quccuslnud lias the heaviest, preidpila- 
fion. Tempera/ iire.s are relatively liigh in all .sea- 
sons, even in w'inter. Tho interior has a I'ery liigh 
summer maximum temperature. 

h. Emfcrn Quecmdmul. 'riic region nortii 
of 25° south latitude has a maximum of j’ainfall 



in summer, with only slight precipitation in 
winter. Heavy rain occurs along the coast, but 
inland regions are dry. Maximum summer tem- 
peratures are high; but winter temperatures, 
although still moderate, are lower than the 
winter temperatures farther north. 

c. Southeast AustTaliu, The climatic region 
of southeast Australia includes southeast 
Queensland, New South Wales, and Victoria. 
Precipitation is distributed unifoiTnly in this 
region, except for the coastal areas which re- 
ceive more precipitation than the inland areas. 
Toward the north, the heaviest rain occurs in 
summer ; toward the south, the maximum occurs 
in the winter. Winter temperatures are cooler 
and summer temperatures are milder than 
farther north. 

d. Southern Coast Region. Precipitation in 
the coastal region of the southern pai*t of Aus- 
tralia is slight to moderate in winter and dry 
in summer. There is a pronounced decrease of 
rainfall along the Australian Bight as compared 
to the coastal regions to the east and west. 
This region has cool winter temperatures and 
moderate-to-high summer temperatures. 

e. Interior and West. The region along the 
west coast from 28“ south latitude to 18“ south 
latitude and inland to 140“ or 145“ east longi- 
tude has almost no precipitation. Very slight 
amounts occur in both summer and winter. In 
summer, daytime temperatures are extremely 
high ; in winter, the air is cool. 

16. Arctic Climatic Regions 

Climatic conditions in the Arctic area vary 
rapidly in short distances with changes in lati- 
tude, marine proximity, and topography. Three 
types of arctic climates based on temperature 
are maritime, coastal, and continental. The 
three climatic types and their general precipita- 
tion characteristics are as follows : 

a. Maritime. In the Arctic Ocean, the tem- 
perature in June, July, and August deviates 
very slightly from the freezing point, thus pro- 
ducing a flat temperature curve in summer. In 
winter there is also a flatness to the tempera- 
ture curve, but the winter temperature remains 
close to —30“ F. 

h. Coastal. The coastal climate closely re- 
sembles the maritime, with primarily a long, 
cold winter and a short, cool summer similar 


to fall or spring as experienced on the European 
continent. The annual temperature curve has 
the same flat winter characteristics as that of 
the Arctic Ocean, but there is a seasonal maxi- 
mum in July. The mean temperature for sum- 
mer, however, remains under 50° P. 

c. Continental. The Arctic continentiil cli- 
mate is characterized by very low winter tem- 
peratures, with a pronounced winter minimum 
and a relatively high summer maximum. The 
annual range of mean temperature may be as 
much as 80° F. or 100“ F. The seasonal changes 
from summer to winter and winter to summer 
are rapid. 

d. Precipitation Amonyit. The time of maxi- 
mum precipitation varies with the prominence 
of marine or continental influence. The Arctic 
region has extremely light snowfall. Stations 
in continental areas have a maximum precipi- 
tation in late summer, which indicates that a 
large percentage of the yearly total precipita- 
tion falls as rain. The amount of precipitation 
decreases considerably toward the pole, espe- 
cially in winter. Zonal variations in precipita- 
tion amounts are large; but snow may fall in 
every month, whereas rain falls only in June, 
July, August, and September. May has the 
greatest number of days with precipitation; 
midwinter months have the smallest. The con- 
trast between conditions in summer and winter 
is gx'eater over the pack ice than at the coast. 

e. Precipitation Frequency. The frequency 
of precipitation varies, in general, with total 
precipitation. Most of the Arctic region of 
North America has fewer than 80 days per 
year of measurable amounts of precipitation. 
The number of days with precipitation in the 
North American Archipelago is particularly 
small in winter. A maximum frequency of pre- 
cipitation occurs in the region between the east 
coast of Greenland and Novaya Zemlya in Octo- 
ber and November, but on the Asiatic Russian 
north coast the maximum frequency appears in 
September, although the period of heaviest pre- 
cipitation is usually July and August. 

17. Antarctic Climatic Regions 

In the Antarctic precipitation occurs during 
all seasons, with the maximum probably occur- 
ring in summer. The amount of precipitation 
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aecreases poiewara irom tne coast, lempera- 
tures are extremely cold all year. In winter, 
temperatures decrease from the coast to the 
pole, but there is some doubt that this is true 
in summer. The annual temperature variation 


IS irom approximately okj r. in January to 
—50® P. in early September. A peculiar feature 
of Antarctic temperature variation is that the 
maximum temperature on clear days is shortly 
after midnight. 



GLOSSARY 


Tey'ins defined in the text are not repeated in this ff lossary, the index should be used to locate loord definitions 
contained in the text. The explanations and definitions contained in the glossary serve to — (1) clarify terms as 
used in the text; i.e., in their meteorological sense, (2) or define common rneteorological temns not hichtded 

in the text. 


Absolute humidity. A I'atio of the quantity ol 
water vapor present per unit volume of 
ail*, usually expressed as grams per cubic 
meter or grains per cubic foot. This ratio is 
of limited value to the meteorologist because 
slight changes in atmospheric pressure or 
temperature alter the amount of air and 
vapor in a specific volume, thus changing 
the absolute humidity even though the 
amount of moisture in the air (grams per 
kilogram) has not changed. 

Active front, A front which produces appre- 
ciable cloudiness and precipitation. 

Advection. See Convection. 

Air mass analysis technique. The two primary 
principles to be considered in a practical air 
mass analysis are — (a) heating from below 
promotes instability, and (b) cooling from 
below promotes stability. By applying these 
principles to a specific air mass of known 
moisture content, the aviator can analyze the 
air mass for — stability, cloud type and cover- 
age, precipitation amount and intensity, visi- 
bility restrictions, icing type and intensity, 
and degree of turbulence. 

Anemometer. An instrument for measuring 
the force or speed of the wind. 

Anticyclogenesis. A term applied to the proc- 
ess which creates or intensifies an anti- 
cyclone. 

Anvil clotul. The popular name of a heavy cu- 
mulus or cumulonimbus cloud having an 
anvil-like formation of cirrus clouds in its 
upper portions. If a thunderstorm is seen 
from the side, the anvil form of the cloud 
mass is usually noticeable. 

Arctic front. The zone of discontinuity be- 
tween the extremely cold air of the Arctic 


I’egions and the cool polar air of the northern 
Temperate Zone. 

Aitrora, A luminous phenomenon caused by 
electrical discharges in the atmosphere ; prob- 
ably confined to the tenuous air of high 
altitudes. It is most commonly seen in sub- 
Arctic and sub- Antarctic latitudes and is 
called atirora borealis or aurora austrailis re- 
spectively, according to the hemisphere in 
which it occurs. Observations with the spec- 
troscope seem to indicate that a faint ‘'per- 
manent aurora” is a normal feature of the 
sky in all parts of the world. 

Back, To change or shift in a counterclock- 
wise direction (to the left of the moving 
mass) ; applied to the wind when it so 
changes, as, for example, from the north to 
northwest. Opposite to veer, which signifies 
a clockwise change. In scientific practice, 
this definition applies to both hemispheres. 

Blizzard, A violent, intensely cold wind laden 
with snow. 

Buildup. A cloud with considerable vertical 
development. 

Buy s-B allot' s Law. A law formulated by a 
Dutch meteorologist in 1857 stating — If you 
stand with your back to the wind, pressure 
is lower on your left than on your right in 
the Northern Hemisphere, and the reverse 
in the Southern Hemisphere. 

Ceiling. The height ascribed to the lowest 
layer of clouds of obscuring phenomena re- 
ported as broken, overcast, or obscured and 
not classified as thin or partial. 

Celsius scale. A centigrade temperature scale 
originally based on 0“ for the boiling point 
of water and 100° as the freezing point of 
water ; i.e., an inverted centigrade scale. It 
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is now used interchangeably with the centi- 
grade scale. 

Cloud hank, A mass of clouds, usually of con- 
siderable vertical extent, stretching across the 
sky on the horizon but not extending over- 
head. 

Cloudburst. A sudden and extremely heavy 
downpour of rain; frequent in mountainous 
regions where moist air encounters orographic 
lifting. 

Cold %oave. A I'apid and marked fall of tem- 
perature during the cold season of the year. 
The U.S, Weather Bureau applies this term 
to a fall of temperature in 24 hours equaling 
or exceeding a specified number of degi’ees 
and reaching a specified minimum tempera- 
ture or lower. Specifications vary for differ- 
ent parts of the country and for different 
periods of the year. 

Conduction. Air is a poor conductor of heat; 
therefore, molecular heat transfer (conduc- 
tion) during the course of a day or night af- 
fects only 2 or 3 feet of air directly. Wind 
and tui’bulence, however, continuously bring 
fresh air into contact with the surface and 
distribute the warmed or cooled air through- 
out the atmosphere. 

Convection. Although frequently used in phys- 
ics to denote a complete atmospheric current, 
in meteorology convection refei’s to vertical 
air motion. The horizontal air movement 
that completes an air current is called advec- 
tion. 

Cooling 'processes, 'major. Air temperature is 
decreased by all or any of the following proc- 
esses : 

(1) Noctuimal cooling. The earth contin- 
uously radiates its heat outward 
toward space. During the night (or 
at any time when outgoing radiation 
from the earth exceeds incoming solar 
radiation) the loss of radiant energy 
lowers the temperature of the earth’s 
surface. The air temperature is there- 
after reduced by conduction, 

(2) Advective cooling, 

a. When the windflow is such that cold 
air moves into an area previously 
occupied by warmer air, the tem- 
perature of the air over the area is 
decreased. With strong, cold wind 

G-2 


prevailing, the advective cooling may 
be sufficient to cause a temperature 
decrease in an area even though the 
surface is absorbing solar radiation. 
b. Warm air advection over a colder 
surface will result in conductive 
cooling of the lower air layers. 

(3) Evaporative cooling. When rain or 
drizzle falls from clouds, the evapora- 
tion of the water drops cools the air 
through which these drops arc falling. 
Similar evaporative cooling occurs 
whenever liquid water is changing to 
vapor, thereby taking latent heat en- 
ergy from the environment. 

(4) Adiabatic cooling. If air is forced 
upward in the atmosphere, the result- 
ing decrease in atmo.spheric pros.suro 
surrounding the ri.sing air allow.s the 
air to expand and cool adiabatically. 
Weather produced by lifting procoa.Mes 
is the result of adiabatic cooling; o.g., 
frontal weather, convective and oro- 
graphic thunderstorms, and upslopc 
fog. 

Coriolis force. This effect of the earth’s rota- 
tion on wind direction was expressed as an 
accclei’ation by a French scientist, G. G. Cori- 
olis, in 1844. The Coriolis acceleration be- 
comes a force when applied to a moving mass 
of ail’, as expressed by tlie equation 
0 = 2 V sin d 

where C is Coriolis acceleration, n is the 
angular velocity of the earth’s rotation, v 
is the wind velocity, and 0 is the latitude 
where the motion occurs. The acceleration 
changes the wind velocity (q.v.) with regard 
to direction only. 

C'yclogmesis. The process which creates or In- 
tensifies a cyclone. 

Deepening. The decreasing of pressure in the 
center of a low pressure system, 

Densit'y, The amount of mass per unit volume 
of any substance (pound per cubic foot, gram 
per cubic ceniimetei*, kilogram per cubic 
meter, etc.). Heating causes a substance to 
expand, thereby reducing the number of 
molecules that can be contained by a fixpd 
volume and decreasing density. Cooling' in- , 
creases the density of a subs' a mcc. 'J'he den-sily 
of a gaseous medium is juiriicularly sensitive 
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to changes in temperature (and pressure). 
The weight of a substance varies directly 
with its density. 

Depression. A cyclonic (low pressure) area. 

Deiv point. This term may also be called the 
dew point temperature, temperature of the 
dew point, and dew point. 

Discontinuity. The term applied in a special 
sense by meteorologists to a zone within 
which there is a comparatively rapid and 
abrupt transition of the meteorological ele- 
ments from one value to another. 

Diurnal, Actions completed within 24 hours. 

Equinox. The moment, occurring twice each 
year, when the sun, in its apparent annual 
motion among the fixed stars, crosses the 
celestial equator; so called because then the 
night is equal to the day, each being 12 hours 
long over the whole earth. The autumnul 
equinox occurs on or about September ^2, 
when the sun is traveling southward; tbe 
vemial equinox on or about March 21, when 
the sun is moving northward. 

Filling. The increasing of pressure in the cen- 
ter of a low pressure system ; the opposite of 
deepening. 

Fronto genesis. The process which creates or 
recreates a front in areas where air mass 
discontinuities are intensifying. 

Frontolysis. The process by which a front 
weakens or dissipates as the density of air 
masses change or the wind field changes. 

Gradient. 1. The rate of increase or decrease 
in magnitude, such as a pressure or tempera- 
ture g 7 'adient. When a horizontal pressuie 
gradient exists, the direct force exerted by 
the area of higher pressure is called the pres- 
sure gradient force, 2. When used to describe 
a wind (gradient wind) , gradient refers to 
winds above the influence of terrestrial fric- 
tion — normally above 2,000 feet — where only 
pressure gradient force is affecting the speed 
of the wind. 

Greenhouse effect. This teiun is derived from 
the affect of the glass roof on a greenhouse 
which transmits high-frequency insolation 

\ but blocks the passage of terrestrial radiation 
from within the glass enclosure. The green- 
house effect caused by clouds and impurities 
in the atmosphere is most noticeable at night 


when they reduce the nocturnal cooling of 
the earth. 

Horse latitudes. The subtropical high pressure 
region at approximately 30 ‘ latitude, charac- 
terized by calm or light, varial)le winds. 

Hot ivave, A period of abnormally high tem- 
peratures, usually lasting 3 or more consecu- 
tive days during each of which the maximum 
temperature is 90° F. or over. 

Humidity. A general term to denote the water 
vapor content of the air. 

IncliTULtion of the ivind. The angle of the wind 
with respect to the isobar at the point of ob- 
servation (usually between 20' and 30° at 
the surface) . 

Intertropical front. The boundary between the 
trade wind systems of the Northern and 
Southern Hemispheres. It appears near the 
Equator as a fairly broad zone of transition 
commonly known as the doldrums. 

Lapse rate, A change in value expressed as a 
ratio, generally used with temperature 
changes vertically; i.e., 2° C. per 1,000 feet 
in the standard atmosphere. 

Line squall. See Sqimll line. 

Main sea level. In the United States, the av- 
erage height of the surface of the sea for all 
stages of the tide during a 19 -year period. 
Mesometeorology. The study of atmospheric 
phenomena such as tornadoes and thunder- 
storms which occur between meteorological 
stations or beyond the range of normal ob- 
servation from a single point; i.e., on a scale 
larger than that of lyiicromctcorology, but 
smaller than the cycloyiic (synoptic) scale. 
Micrometeorology. The study of variations in 
meteorological conditions over very small 
areas, such as hillsides, fore.sts, river basins, 


or individual cities. 

Meculur theory. A scientific theory that all 
matter is composed of electrical ener^ or- 
ganized into atoms and molecules. These 
molecules are in constant motion, and their 
collision produces temperature. The relative 
amount of heat energy in an object isjneas- 
ured by temperature scales, \^hen ladian 
energy is absorbed by a molecule, the molec- 
ular energy content is increased— molecular 
activity speeds up and a higher temperature 
results, All substances which have a tempei- 
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tinuously. If fresh radiant energy were not 
supplied by the sun, the temperature of the 
earth would become progressively colder. 

^ cic reoiis clouds. Luminous, iridescent “clouds” 
occurring near 76,000 feet and made visible 
by reflected and diffracted light approxi- 
niately 25 minutes before sunrise or after 
sunset; also called mother-of-pearl clouds. 

^ dtural air. Air as found in the atmosphere, 
containing water vapor and other impurities. 
^octilucent clouds. Silvery or bluish-white 
* "clouds” which form approximately 55 miles 
above the earth and are made visible after 
sunset and before sunrise by reflected sun- 
light. 

Nocturnal. Occurring during the hours be- 
tween sunset and sunrise. 

C>perator’s manual. TM 56-1610- ( )-10 for 
fixed wing aircraft. TM 55-1620- ( )-10 

for rotary wing aircraft. The operator's man- 
ual is the title ascribed to the flight handbook 
u nder the former technical order numbering 
system {TO l-lH-( )-l, TO l-lL-( )-l, 
etc.) The operator’s manual may also be re- 
ferred to as the TM 55 aviation series -10, or 
simply the Dash Ten (-10) . 

^adtiation. Electromagnetic waves traveling at 
186,000 miles per second, many of which may 
be visible as light. Cosmic rays, gamma rays, 
X-rays, ultraviolet rays, visible light rays, 
infrared rays, and radio waves are some com- 
mon types of radiation which vary in wave 
length from 0.0000000001 cm to 10,000,000,- 
OOO cm. Visible rays range from about 3.8 
f.o 7.6 ten- millionths of a meter in wave 
length. The wave length emitted by an object 
decreases as the temperature of the object in- 
creases. A decrease in wave length signifies 
an increase in radiation frequency. Thus, a 
h-ot surface emits high frequency radiation. 
The rate at which an object emits radiation is 
controlled by the temperature contrast be- 
tween the object and its environment. Radi- 
ation travels best through a vacuum, but the 
quantity absorbed by a substance is controlled 
by the wave frequency and the- density of the 
absorbing medium. High frequency waves 
can penetrate dense media, whereas low fre- 
quency Waves may be absorbed by low den- 
sity media, especially by gaseous water (water 
vapor) , 


Rate of evaporation. The quantity of vapor 
which will escape from a liquid surface into 
the air is primarily governed by (1) the tem- 
perature of the liquid, (2) the amount of 
vapor already in the air (partial vapor pres- 
sure of the air), and (3) the speed of air 
movement over the liquid surface. Thus, 
much water will evaporate from the Great 
Lakes into the cold, dry winter air above it, 
even though the air cannot support the mois- 
ture in the vapor state. The resulting con- 
densation forms a dense evaporation fog over 
the lakes. 

Roll cloxul. Part of the cloud base along the 
leading edge of a cumulonimbus cloud, forme<l 
by a rolling action in the wind shear region 
between cool downdrafts within the cloud 
and warm updrafts outside the cloud. 
Saturated adiabatic lapse rate, A rate of tem- 
perature decrease with height, equal to the 
rate at which an ascending body of saturated 
air will cool during adiabatic expun.sion. It 
varies inversely with the air temperature'. 
The average value generally used is 1.6*’ G. 
per 1,000 feet. 

Secondary. A small area of low ])roHsuro on 
the border of a large (primary) art'a. The 
secondary may develoj) into a vigoi’ous cy- 
clone while the primary center disappears. 
Secoxulary circulation. In tliis wind classifica- 
tion category, many authorities include only 
migratory anticyclones and cyelonos. 8ucii 
wind i)atternH as land and h(mi br(‘ezeH, moun- 
tain and valley breezes, eddies, and Fmdm 
winds are then classified as local winds, 
SelecLive absorption. Substances are selective 
in the radiation frequencies which they will 
absorb and radiate. The gases and impurities 
of which air is composed absorb and radiate 
only a few of their incident radiation fre- 
quencies. For example, water vapor absorbs 
several of the lower frequency radiation 
waves of terrestrial radiation, but Is trans- 
parent to the high frequency radiation from 
the sun. 

Solstice. The time of year when the direct ray 
of the sun is farthest from the Equator^ 'The 
approximate dates are — summer solstleoi 
June 22, and winter solstice, December 22# 
Spread. The difference between the tempera- 
ture of the air and the dew point of the fdv, 
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expressed in degrees. Although there is a 
deftniie relationship between spread and rela- 
tive humidity, a spread of 6° F. between 
90° F. and 85“ F. produces a significantly dif- 
ferent relative humidity from the same 
spread between 65° F. and 60“F. 

Squall line. A line of thunderstorms, generally 
continuous across the horizon. Although 
sqiiall line and line squall are interchange- 
able terms, the text refers to a line squall 
as the line of thunderstorms along a typical 
cold front, whereas squall line refers to pre- 
frontal thunderstorm activity. Such distinc- 
tion of terminology is purely arbitrary. 

Subsidence mversion. An inversion layer 
which foiTns near a center of high pressure 
where the entire column of air is descending 
(subsiding) toward the surface. As the air 
layers descend, they are compressed by the 
inflow of fresh air aloft. Compression heats 
the subsiding air layer and often the layer 
becomes warmer at the base levels than at 
the upper levels. The resulting increase in 
temperature through the layer is a subsidence 
inversion. Haze layers often develop below 
these inversion layers. 

Synoptic. That which presents a general view 
of the whole ; as a synoptic weather map, or 
a syyioptic weather situation, wherein the 
major weather phenomena over a large geo- 
graphical area are depicted or discussed. 

Teinperaiure lay. J. Although the sun is di- 
rectly overhead at noon, incoming radiation 
continues to exceed re-radiation from the 


earth until after 1400 hours local standard 
time. Thus, the diurnal surface temperatm*e 
increase reaches a maximum in the midafter- 
noon. 2. Seasonally, the sun is highest in 
the northern hemisphere at the summer sol- 
stice (June 22), but the long hours of day- 
light and relatively direct incident radiation 
cause the summer temperatures to continue 
increasing into July and August. 

Twilight. Twilight is the interval of incom- 
plete darkness following sunset and preced- 
ing sunrise. 

Veer. See Back. 

Weather. In addition to its complete definition 
(par. 2-3c(l) ) , the term weather has several 
specialized meanings in meteorology. It may 
refer to (1) only the forms of precipitation in 
the atmosphere at the time of a meteorologi- 
cal observation, (2) both the forms of pre- 
cipitation and the obstructions to vision (fog, 
haze, smoke, dust, etc.) present over a sta- 
tion at the time of a meteorological observa- 
tion or, (3) all forms of atmospheric phenom- 
ena that affect an aircraft during takeoff, 
landing, and in flight. 

Wind shear. The rate of change of wind veloc- 
ity (speed and/or direction) with distance. 
Eddies and gusts form in areas of wind shear, 
thus producing turbulent flying conditions. 
Wind shear may occur in either the vertical 
or horizontal plane. 

WiTul velocity. The speed and direction of the 
wind. 
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Adiabatic lapse rate (see 
also Lapse rates) : 

Dry 

Moist 

Adiabatic process 

Advection (transfer of 
heat) 

Advection fog 

Advisory for light air- 
craft 

Air mass; 

Analysis 

Characteristics 

Classification 

Continental polar ... . 
Continental tropical.... 

Definition 

Designation 

P’orination 

Maritime polar 

Maritime tropical 

Modification 

Source regions 

Stability 

Tliundcvstorms 

Trajectories 

AHimetcr : 

Adjustment for non- 
standard pressure 

Combined errova 

■Effect of mountain 

wave 

Effect of tliunder- 

slorm 

Error due to tempera- 
ture 

Setting, as given 
on hourly sequence 

report 

Utitude : 

Density (table X 

App. 11) 

pressure 

Aneroid barometer 

/Vnlicyclones {Sec ‘HigVi 
pressure areas.) 


PntAgrfljih 

Page 

Area forecasts 

Atmosphere : 

Pftracraph 

16-4 

6-4«, 5-8c 

5-3. 5-8 

Composition 

2-2 

5-46, 6-8rf 

5-3, 5-8 

Definition 

2-1 

6-4 

5-3 

Divisions (layers) . 
Standard (table V 

2-3, 14-66 

2-6«, 2-JOd, 

2-4, 2-11, 

App. It) 

2-3a. 2-19, 

e, 14-56 

14-5 


5-96, i. 

8-t6 

8-2 

Atmospheric circulation 
{See Cu'culation.) 


16-146 

16-13 

Atmospheric sounding 
diagram (See Skew T, 


6-7 

(Glossary) 

6-4, G-1 

log p Diagram.) 
Atmospheric stability (see 


6-2, 6-6 

6-1, 6-2 

also Stability) 

5-2, 5-5, 

6-3, 

6-1, ni-6 


5-96-/ 

(6, app. Ill) 

6-9 

6-5 

Atmospheric waves 

7-7 

6-11 

6-8 

Barometer (see also 


6-1 

6-1 

Pressure) : 

2-176 

6-4 

6-2 

Aneroid 

6-2a 

6-1 

Mercurial (mercury) . 

2-17a 

6-8 

6-4 

Blowing snow 

(6(7, app. Ill) 

6-10 

6-6 

Buys — Ballot’s Law 

4-10c(4), 

6-26 (2) 
6-2a, 6-6 

6-1 
6-1, 6-3 

4-21 

6-36 

6-2 

Canopy static 

14-9 

10-4 

10-4 

Carburetor ice (See In- 


6-26 (1), 

6-1 

duction system icing.) 


6-66 

6—4 

Ceiling : 

Definition 

10-66, 

(Glossary) 

2-186(1), 

2-22 

2-10, 2-23 

In thunderstorms . 
On surface weather 

10-76 

14-10 

14-10 

maps 

On teletype sequence 

12-4k 

4-28/(5) 

4-28 

reports -- 

Centrifugal force, effect 

11-66 

10-7pr 

10-15 

on circulation 

Changes of state 

4-96 

2-U 

2-22c 

2-25 

Charts (see also Maps, 
weather) : 

Constant pressure 



11-13, 14-10 11-10, 14-10 

2-23 2-27, II-3 

2-23 2-27 

2-17b 2-18 


(Sec Constant pres- 
sure charts.) 
Prognostic 

Radar summary 

Weather depiction . . , 

Winds aloft 

Chinoolc (Foehn) wind ... 


16-10, IG-U 
16-12 
15-6 
12-96, 16-9 
13-5 
4-29 
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16-2 

2-1 

2-1 

2-1. 14-0 

2 - 1 , 2 - 20 , 
5-11, H-l 


5-1, 5-3, 
5-Q 
7-14 


2-18 
2-18 
III-5 
4-12, 4-22 


14-10 


10-10, G-1 

10-15 

l2-‘ 

11 - 

4-1. 

2 - 1 ] 


16-10 

15-2 
12-13, 16-6 
13-3 
4-28 
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reuits, teletype (See 
Reports, teletype 
sequence.) 
rculation (see also 
Wind) : 

Paragraph 

Page 

Centers of action 

4-6 

4-6 

Definition 

Effect: 

Centrifugal 

4~2n 

4-1 

force 

4-9 b 

4-10 

Coriolis force ... 

4-6a, 4-9a 

4-4, 4-9 

Friction 

4-9c 

4-10 

Insolation 

4-2c(2). 
4-5 b 

4-1, 4-4 

Land and sea 

2-I0c(l), 

2-10, 4-25, 


4-25, 
10-4a(2), (3) 

10-6 

Land and sea breezes , 

Mountain and valley 

4-26, 10-4a 
(2), (3) 

4-26, 10-6 

breezes 

4-26 

4-25 

Primary 

4'~4 

4-3 

Secondary 

Semipermanent 

4-7, 7-7 

4-9, 7-14 

pressure areas .. .. 

4-6 

4-6 

Three-Cell Theory . 
Transfer of heat 

4-4 

4-3 

energy 

4-2fl 

4-1 

lear air turbulence , ... 
lear ice (glaze) {See 

14-Gfir 

14-7 

also Icing: Structural) 

9-Sa 

9-2 

lear language remarks 

11-14 

11-10 

limatology 

louds: 

(app. IV) 

IV-1 

Ceiling 

I1-6&, 

11-7 

Classification, inter- 

(Glossary) 

G-1 

national (Table I).. 

3-2 

3-t 

Formation 

3-1, 5-9£r, 

3-1, 5-10, 


7-le, S-3a, 

7-2, 8-1, 


10-5 

10-8 

High 

3-3 

3-2 

In mountain waves 

4-28d 

4-27 

Levels 

5-9p 

5-iO 

Low 

3-5 

3-3 

Middle 

Rain and frag- 
mentary ; 

3-4 

3-3 

Cumulonimbus , .. 

8-2c, 10-65 

8-2, iO-9, 


(8), 10-Cft 

10-10 

Practocumulus .. 

3-2c 

3-2 

Nimbostraius 

3-2o 

3-2 

Sky condition 

Subdivisions: 

11-6 

11-6 

Cumuliform 

8-25(1), 

6-9b 

3-1, 6-11 

Stratiform 

Types: 

3-25(2), 

6-9/t 

8-1, 6-11 

Altocumulus 

3-4 

8-8 
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Altostratus 

8-4 

3-3 

CiiTOcumulus .... 

3-3 

3-2 

Cirrostratus 

3-3, 5-9/i 

3-2, 6-11 

Cirrus 

3-3 

3-2 

Cumulonimbus .. 

3-6, 10-65 
(3), 10-Ga 

3-5, 10-9, 
10-10 

Cumulus 

3-6, 10-55 
(1), (2) 

3-5, 10-8, 
10-9 

Nimbostratus . .. . 

.3-5 

3-3 

Stratocumulus . . 

3-5 

3-3 

Stratus 

3-5, 5-95, 
8-3(t 

3-3, 6-11, 
8-1 

Vertical development. 

3-6, 10-5 

3-6, 10-8 

Coalescence 

2-14ft(3) 

2-17 

Col 

2-20C 

2-23 

Cold air masses, {See Air 
mass: Classification.) 

Cold fronts {See Fronts.) 

Condensation 

2-25, n-6d 

2-3, 5-5 

Condensation nuclei 

8-2f5 

8-1 

Conditional instability 

5-60, 5-90, 
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5-4, 5-9, 
10-2 

Conduction, transfer of 

heat 

2-65, 2-105 

2-5, 2-10 

Constant pressure charts: 

Altimeter errors 

14-10 

14 -lU 

Contour linos 

14-na 

14-4 

IsoHnes 

14-5 

14 3 

Isotachs 

14 5o 

J4 -5 

Isotherms 

14-55 

J4-5 

Levels 
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14-1 

Observations 

14-3 

L4~l 
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14-1 

14-1 

Station model 

14-4 

14-3 

Weather plienomeim; 

Canopy static 

14-1) 

14-10 

Clear air turbxi- 

lonco 

14-6// 

14-7 

Contrails 

14~7 

14-JO 

TIazo layers 

14 8 

14-10 

Jot stream 
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14-6 
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Contour lines 

14-B« 

14-8 

Contrails 

14-7 

14-0 

Convection ; 

Currents 

2-10O, 4-2e, 
6-8, 10-4a 

2-10, 4-1, 
6-2, 10-4 

Level of free 

6-5(?, 10-25 

6-6, 10-2 

Transfer of heat 

2-10o, 10-2 

2-10, 10-2 
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convection and 

Mechanical convec- 
tion.) 

Convective thunder- 

storms 

10-4a 

9-B 

Convergence 

4-lOd, 

B-8a(8) 

4-18, 6-2 
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Conversion : 

Formulas, tempera- 

Pniftsraph 

PaRB 

ture 

Tables, meteorologi- 

2-46 

2-2 

cal 

(app. II) 

II-l 

Time ^ 

11-31) (1) 

11-1 

pooling processes, major. 

2-10, 

2-9 


(Glossary) 

G-2 

jOriolis force 

;^umiih'form clouds: 
Classification and 

4-6a, 4-9a 

4-4, 4-9 

identification 

3-26(1) 

3-1 

Description 

3-26 (1) 

3-1 

Development 

Flight conditions 

3-26(1), 

10-6 

3-1, 10-8 

with ... ., 

3-26(1), 

3-1, 3-5, 

'yclones {Sec Low pres- 
sure areas.) 

)ensity altitude (Table X, 

3-66, 9-86(1) 

9-10 

app. II) 

)ew point (Table IV, app. 

2-23, 

2-27, II-3 

11) 

2-126, 5-96, 

2-13, 6-9, 

(ivergence (See Conver- 
gence.) 

7-2cl, 11-11 

7-5, 11-9, 
II-l 

•rafts 

10-56, 

10-8, 


10-66, c 

10-10, 10-12 

•rizzle 

2-146(2) 

2-17 

lasterly waves (11c, app, HI) 

in-8 

Iddy winds 

4-32, (6c (2), 

4-30 

Ileetricity, within thun- 

app. Ill) 

iir-5 

der storms 

Inergy, transport of heat 
(See Heat ti-ansfei*, 
methods.) 

10-Yc 

10-13 

ivaporation 

2~lla 

2-11 

Jvaporation fog 

Tacsimile service (see 

8-4/ 

8-3 

also Maps) 

12-1 

12-1 

'’all (katabatic) winds ... 
•’light conditions: 

4-30 


In mountain waves.... 

4-28cl, e, / 

4-27, 4-28 

In polar regions 

Through thunder- 

(B, app. Ill) 

ni-4 

storms 

flight: 

10-7 

10-13 

Forecast 

Planning (see also 
Tables) : 

Aviator weather 

16-8, 16-9 

16-6 

analysis 

Briefing technique, 

17-2 

17-1 

weather 

17-6, 17-6 

17-5, 17-13 


Cold weather 

Pnratriiii)h 

Pape 

operations 

Density altitude 

9-n 

9-12 

computation .. .. 
In specific weather 
areas : 

Clear air tur> 

2-236 

2-28 

bulence 

14-6p 

14-7 

Cold fronts 

7-3d 

7-C 

Fog 

8-5 

8-4 

Freezing rain . . 

7-4rf(4) 

7-10 

Icing 

9-10 

9-12 

Jet stream .. . 

14-6 

14-7 

Mountain wave . 

4-28ri, e, f 

4-27, 4-28 

Occluded fronts . 

7-5c 

7-12 

Polar regions ... 

(See I, 
app. HI) 

III-l 

Thunderstorms . 

10-3 

10-16 

Tropical regions.. 

(Sec II, 
app. Ill) 

III-6 

Warm fronts ... . 
Using available 
facilities : 

7-4d 

7-10 

Advisories 

Constant pres- 

16-4 

16-18 

sure charts .... 

14-1, 14-lOra, 

14-1, 14-10, 


17-36, 17-4 

17-2 

Foi’ecasts 

Integration of 

16-2, 7-3ir 

16-1, 17-2 

facilities 

Pilot reports 

17-3, 17-4 

17-1, 17-2 

(PIREPS) .... 
Pilot to fore- 
caster service 

17-3/ 

17-2 

(METRO) 

Radar sum- 

15-7 

15-3 

maries 

Sequence weather 

15-6 

15-2 

reports 

Skew T, log p 

11-1, 17-3d 

11-1, 17-2 

Diagram 

Surface weather 

6-9, 17-3c 

5-9, 17-2 

map .. 

12-8, 17-3a 

12-11, 17-1 

Winds aloft data.. 

13-1, 13-Bc, 

13-1, 13-3, 


17-3c 

17-2 

Foehn (chinoolc) winds.... 
Fog: 

4-29 

4-28 

Advection 

8-46 

8-2 

Characteristics 

8-1, 8-4 

8-1 

Dissipation 

8-3 

8-1 

Evaporation 

8-4/ 

8-3 

Formation 

8-2 

8-1 

Frontal 

7-46 (3) , 

7-7, 7-14, 


7-66 (2) , 
8-4/ (1) 

8-3 

Hazards 

8-5 

8-4 

Ice 

8-4c, 
(4, app. III) 

8-3, III-2 

Radiation 

8-4a, (4, 
app. HI) 

8-1, III-2 
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PiunKiaph 

Pawe 

Fog — Continued 



Steam 

8-4/ (2) 

8-3 

Upt-lope 

8-4c 

8-3 

Valley 

8-4d 

8-3 

Foice: 



Centrifugal . ... 

4-96 

4-10 

Coriolis 

4~5rt, 4-9a 

4-4, 4-9 

Definition 

2-16o 

2-18 

Frictional 

Of wind (Table IX, 

4-9c 

4-10 

app. II) 


II-2 

Pressure gradient ... 

2-21, 4-8 

2-23, 4-9 

Forecasts: 



Facsimile: 



Constant pres- 



sure prognostic 
charts 

16-11 

16-10 

Other prognostic 

charts 

Surface prognos- 

16-12 

16-10 

tic charts 

16-10 

16-10 

In-flight: 



Weather ad- 
visories 

Weather broad- 

16-14 

16-13 

casts 

16-18 

16-13 

Locally prepared: 



Horizontal weath- 



er depiction 
chart 

16-9 

16-6 

Terminal 

Vertical cross 

16-7 

16-6 

section 

16-8 

16-6 

Teletype : 



Area 

16-4 

16-2 

Regional 

16-3 

16-1 

Terminal 

16-5 

16-3 

Winds aloft .. . 

16-6 

16-6 

Formulas, conversion (See 



Conversion: Tables and 
Formulas.) 



Free air temperature 

2-7, 9-2a 

2-6, 9-1 

Freezing rain 

2-14c(l), 

2-17, 


7-4d(4), 

7-10, 


9-26(2) 

9-1 

Frictional force 

Frontal aspects: 

4-9c 

4-10 

Fog 

7-46(3), 

7-7, 


7-66(2), 

7-14, 

Inversions 

Slope (see also 

8-4/(l) 
7-2a, g-8a 

8-8 
7-4, 9-9 

Fronts: Slope) 

7-le(2) 

7-2 

Storms 

7-36(3), 

7-5, 

Waves and cyclones... 

10-3 

7-7 

10-2 

7-14 

Weather 

Fronts : 

7-lc, 9-8 

7-2, 9-9 

Characteristics 

7-36, 7-46, 

7-6, 7-7 


7-56, 7-6 

7-10, 7-12 


Pa)H^^IH[lh Pncc* 

Cloud formations 


with .. 

7-36(3), 

7 5, 


7-46(3), 

7-7, 


7-5e, 7-6, 

7-1 J, 7-12, 


10-3 

10 -2 

Cold .. . . 

7-16(1). 

7 1, 


7-3, 10-36 

7-5, 10 :i 

Cyclonic waves 

4-4rt(3), 7-7 

4-3, 71 1 

Definitions 

7-1 

7 1 

Discontinuitie.s , . 

7-1 d, 7-2, 

7-2, 7 4, 


7-86, 7-46 

7-5, V H 

Flight proceduroa 

through 

7-3d, 7~4f/, 

7-6, 7 0, 


7-6o 

7 12 

Frontal surface . . 

7-lo(2) 

7 

Identification on sur- 

face weather map .. 

7-3c, 7-4 c, 

7-6, 7 ». 


7-6d, 12-6 

7-12, 12 10 

Occluded 

7-16(4), 7-5 

7-2, V lo 

Open wave . .. . 

7-5 

7 

Polar 

7-7o 

7 K. 

Prefrontal souall 

line 

7-36(3), 

V 


10-3(' 

10 M 

Slope 

7~l(j(2) 

V 2 

Stationary 

7-16(3), 7-6 

7 1,7 12 

Structure 

7-3a, 7-4«, 

7 (., 7 Y. 


7-5n, 7 6 

7 10, V I-.; 

Surface .. . 

7-i«(]) 

V :• 

Upper (fronts ahift) 

7-66(1), (2) 

V in 

Warm 

7-16(2), 

7 1, 


7-4, 10-3a 

7 -7, 10 

Warm sector 

7-46 

M t* 

i 1 

Weather factora 

afTocUng 

7-lc 

V 1 

Frost 

9~3f) 

M !! 

Fusion, heat of 

2-1 HI 

2 12 

Geostrophic wind 

4-10«(2) 

4 m 

Glaze ice (Sec Clear ice.),. 

Glossary 


a 1 

Gradient wind 

4~10a(l), 

4 in, 


12-4 a 

,11! 3, 

Greenhouse effocL 

2-10a(3) 

2 in 

Gusts (see also Tluinder- 

storms; Gusts) 

4-82, 10-7/ 

4-80, 10 14 

Hail 

2-14d(2), 

10-76 

2-17, 10 111 

Ilazo layers, high altitude . 

B-9i, 14-8 

5-12, M -10 

Heat exchange 

2-1 Id 

2 '12 

Heat of fusion 

2-lld 

2 I li 

Heat of vaporization 

2-lld 

2-12 

Heat transfer {ace also 

Cooling processes, 
major) 

Advoction 

2-Oa, 2-lOd, 

2-4, 2-11, 


0, 14-56 

14 fi 

Conduction 

2-66, 2-106 

2-5, 2 -in 

Convection 

2-10o, 5-8a, 

2-10, B-^2, 


6-6d 

G-3 
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I'HraKninii 

I lent rrnnsCer — 

OontiuMod 

Methods of 

2-10 

2-0 

Kadiation 

2-1 Ofi 

2-9 

Korndintion 

2-66 

2-5 

IleatinR', land vs. water 

2-8c, 10-4a 

2-8, 10-4 

HiKh proa sure areas . . 

2-206, 4-66, c, 

2-22, 4-6, 

IliR’hs, somipormanent . . 

4-lOc, 8-4ft 

4-11, 8-2 

4-66, 0 

4-6 

Horizontal weather depic- 

lion chart 

16-0 

lG-6 

Ilor.so latitudes (sub- 
tropical high pressure 

belt) 

4-4 ft (1) 

4-3 

Hourly sequence report 

ll-4« 

11-2 


irinnlclity (Soc Moisture.) 
Ilui'i’icnnc (a) : 


Cause and formation 

4-13 

4-16 

Definition , 

4-11 

4-13 

Pressure within ... . 

4-18 

4-18 

Storm tracks 

4-12, 4-14, 
4-15 

4-14, 4-17 

Tides 

4-20 

4-22 

Warnings 

4-24 

4-23 

Winds within 

4-16, 4-17 
4-21, -22 

4-18, 4-22 

Hydrologic cycle 

2-16 

4-17 

Hygrometer 

Icing: 

Cold weather opera- 

2-13a 

2-16 

tions .. 

9-10 

9-12 

Danger in mountains 
Danger in thunder- 

9-8c 

9-11 

sLoinns . . 

Deicing and anti- 

9-86(1), 

10~7o 

9-10, 10-13 

icing . .. . 

0-13 

9-1, 9-3, 

Deposit factors 

KiToct on: 

9—2, 9—4, 
9-12 

9-13 

Airfoil 

9-1 

9-1 

Airspeed 

Fixed wing air- 

9-1 

9-1 

craft . ... 

notary wing air- 
craft (helicop- 

9-6 

9-4 

tors . .. 

9-6 

9-7 

Formation factors . .. 

9-8 

9-9 

Forms of 

Intensity (clnssifica- 

9-2 

9-1 

tton) 

9-12 

9-13 

Of aircraft structurea 

9-1, 9-5, 

9-1, 9-4, 


9-6 

9-7 

Of induction systems. 

9-5£f, 9-66, 

9-6, 9-7, 


9-7 

9-9 

Ihdar 

9-9, (5, 
app. Ill) 

9-12, III-4 

Structural 

9-2, 9-3 

9-1, 9-2 

Toinperntures , .. . 

9 -2a 

9-1 

Turbojet 

9-7 

9-9 


1 HI iii5t.u»ii I'nge 


Induction system icing 

9-6p, 9-66, 

9-6, 9-7, 

Insolation : 

9-7 

9-9 

Definition 

2-10a(l) 

2-9 

Effect on circulation 
Instability (See Stability.) 
Intertropical convergence 

4-16 

4-1 

zone (ITC) 

(116, app. 
Ill) 

ni-8 

Intertropical front . . . 

(116, app. 
Ill) 

iir-8 

Inversion, temperature 

2-6, 5-9/. 

2-.1. 5-12, 


7-2a, 9-8a 

7^, 9-9 

Inversion, trade ,. , 

Isobars and pressure sys- 

(11a, app. 
ni) 

in-7 

terns 

2-20, 12-5 

2~21. 12-7 

Isobars and wind .. . . 

4-8, 4-9, 

4-9 


4-106(1), 

12-56 

4-11, 12-7 

Isotach 

14-5c 

14-5 

Isotherm 

2-lOe, 14-66 

2-9, 14-5 

Jet stream 

14-6 

14-5 

Katabatic (fall) winds . 

4-30 

4-29 

Land and sea breezes.. 

Land-water effect on con- 

4-25, 10 -4 a 
(2), (3) 

4-25, 10-6 

vection currents 

2-10o(l), 

2-10, 4-25, 

Lapse rates: 

4-25, 10-4 a 
(2). (3) 

10-6 

Pressure 

2-21, 14-2, 

2-23. 14-1 


14-10 

14-10 

Temperature 

2-5, 2-6, 

2“"2| 2— 


6-4a, 6, 
6-5, 5-9a 

5-3, 5-9 

Latent heat 

Lifting and sinking 

2-lld 

2-12 

processes 

4-lOd, 6-3, 

4-13, 5-2, 

Lifting condensation 

10-26 

10-2 

level 

6-6d, 5-9e 

5-5, 5-9 

Lightning 

Line squalls (See Squall 

10-7e(l) 

10-13 

line, prefrontal.) . 

(Glossary) 

G-S 

Low pressure areas 

2~20a, 4-6 d. 

2-22, 4-9, 


4-lOc, 7-7, 

4-11, 7-14, 


12-7 

12-10 

Lows, semipermanent . 

Maps, weather (see also 
Charts) : 

4-6 d 

4-9 

Analysis 

12-2, 12-5 

12-1, 12-7 

Pacsimile 

12~3a, 12-9, 

12-1, 12-13, 


16-10, 16-11 
16-12 

16-10 

Sectional 

12-36, 16-8 

12-3, 16-6 


Maritime air mass {See 


Air mass.) 


5 



TM 1-300 
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Masses, air (See Air 
mass,) 

Pningiai>h 

Pngo 

Mean sea level (MSL) 

2-19 11-9 

2-20, 11-9 

Mechanical convection . 

2-66(2), 

2-5, 2-10, 


2-10c(2), 
6-3a (2) 

6-2 

Mechanical turbulence . . 

2-66(1), 

2-6, 


4-28, 4-32, 

4-25, 4-30, 

Mercurial (mercury) 

6-3a(2), 
6c (2), app. 
Ill) 

6-2, III-6 

barometer . .. . 

2-17fl 

2-10 

METRO 

15-7 

15-3 

Millibar 

2-186 

2-18 

Mixing ratio 

Moisture (humidity) : 

2-12c, 6-8c 

2-15, 6-8 

Absolute humidity .. 

2-12c 

2-14 

Condensation 

Dew point 

2-116, 6-6d 

2-12, 6-6 

(Table IV, app. II) 

2-126, 6-96, 

2-13, 6-9, 

Distribution of water 

11-11 

11-9, II-l 

vapor ... 

2-12c(2), 

2~12ff 

2-14, 2-16 

Evaporation 

2-lla 

2-11 

Heat exchange .. 

2-1 Id 

2-12 

Humidity instruments 

2-13 

2-16 

Mixing ratio 

Moisture-temnerature 

2-12e, 6-8c 

2-16, 6-8 

relationship . 

2-12rt(4) 

2-13 

Relative humidity 
Saturated mixing 

2-12f/ 

2-14 

ratio .. . 

2-12/ 

2-16 

Specific humidity ... 

2-12c 

2-12 

Stability, affects .. 

6-6, 10-2c 

6-7, 10-2 

Sublimation 

2-llc 

2-12 

Subsidence 

4-10d(l) 

4-13 

Supercooled water 

2-14 c, 9-26 

2-17, 9-1, 


(2), 9-8a, 6 

9-9, 9-10 

Supersatiiration . .. 

2-116 

2-12 

Water vapor 

2-11, 2-12 

2-11, 2-13 

Monsoon 

Mountain and valley 

4-27 

4-26 

breezes 

4-2G 

4-26 

Mountain wave . 

4-28 

4-26 

Northeast Trades . . .. 

4-4a(l) 

4-3 

NOTAMS 

Notices to Airmen 

11-140 

11-10 

(NOTAMS) 

11-14C 

11-10 

Obscurations 

Observed lapse rate 

ll-6a(8) 

11-7 

(OLR) 

Observations, weather 
(See also Atmospheric 
sounding diagram) < 

6-6, G-9n 

6-3, 6-9 

PIBAL 

lS-2«, 14-86 

18-1, 14-3 

Radar 

16-1 

' 16-1 

through 16-4 




Parngt ftph 

Page 

RAWIN .. . . 

13-26, 14-3a 

13-1, 4-3 

Synoptic 

12-1 

12-1 

Winds aloft 

13-2 

13-1 

Occluded fronts 

7-16(4), 7-5 

7-2, 7-10 

Orographic lifting .. 

5-3a(2) (a ) , 

6-2, 8-3, 


8-4c, 10-46 

10-7 

Orographic tluuulerstorms 

10-46 

10-7 

PIBAL wind observations 

lS-2rt, 14-36 

13-1, 14-3 

Pilot reports (PIREPS) 
Pilot to forecaster service 

11-146 

11-10 

(METRO) 

16-7 

16-.3 

Polar fog 

8-4e, (46, 
app. Ill) 

8-3, III-2 

Polar front 

Polar regions: 

7-7c 

7-10 

Stratus clouds 

46, app III) 

III-2 

Temperature 

(Sec. I, 
app. Ill) 

III-l 

Polar tropical trough . (lid, app. Ill) 

iir-10 

Polar weather 

Precipitation: 

(app. Ill) 

iri-i 

Forms 

2-14 

2-10 

Static 

10-7c(2) 

10-14 

Symbols 

ll-8a, 12-4 e, 

11-0, 12-7, 

Prefrontal fog 

(See Fog: Frontal.) 

12-06 

12-10 

Prefrontal squall lino 

Pressure: 

7-36(3), 

10-8o 

7-6 

Altitude 

2-23 

2-27 

Altitude relationships 

2-216, 14-2 

2-23, 14-1 

Aneroid barometer . 
Constant pressure 

2-176 

2-J8 

charts 

14-1 

14-J 

Definition 

2-10 

2-18 

Gradient 

2-21, 4-8 

2-23, 4-9 

High pressure arena. 

2-206, 

2-22, 


4-06, (!, 

4-6, 

Isohar.s and pressure 

4-10o, 8-4(1 

4-11, 8-1 

systems 

Lapse rates 

2-20 

2-21 

(gradient) 

Low prossure area 

2-21 

2-28 

movement forecasts 

12-7, 

12-10, 


14-6a(3) 

14-4 

Mean son level 

Measurement, units 

2-19, 11-9 

2-20, 11-9 

(Table III, app. II) 
Measuring, 

2-18 

2-18, II-l 

instruments 

Mercurial (mercury) 

2-17 

2-18 

barometer 

2-17« 

2-18 

Systems 

2-20 

2-21 

Tendency 

7-ld, 7-2o 

7-2, 7-6 

World distribution.. 

4-Oa 

4-6 

H’ovailing westerlies ...... . 

4-4«(2) 

4-8 

Primary circulation 

4-4 

4-8 
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i'’oi*eeasts, JU’aesimile.) 


Psyehrometer 

2-136 

2-16 

Quasi-pernianent highs 

and Iowa 

4-6 

4-5 

Radai' : 

Reports (RAREPS) . 

16-5 

15-1 

Summary charts • . 

15-6 

15-2 

Weather observations 

lB-1 

16-1 

Radiation, terrestrial 

through 15-4 
2-66, 8-4 a 

2-5, 8-1 

Radiation, transfer of heat 

2-10« 

2-9 

Radio broadcasts, weather 

16-13, 16-14 

16-1, 16-13 

Radiosonde observations 

(RAOB) 

5-7, 13-26, 

5-7, 13-1, 


14 -3 a 

14-3 

Rain 

2-146(1) 

2-17 

Rawinsonde observations 

(RAWIN) 

13-26, 14-3a 

13-1, 14-3 

References 

(app. I) 

I-l 

Regional forecasts 

16-3 

16-1 

Relative humidity 

2-12d, 8-2 

2-14, 8-1 

Reports, teletype 
sequence : 

Agencies reporting — 

11-2, 11-16 

11-1, 11-10 

Ceiling 

11-66 

11-7 

Circuits : 

Civilian weather 

11-36(2) 

11-2 

General 

11-3 

11-1 

Military weather 

11-36(1) 

11-1 

Code: 

Automatic mete- 
orological ob- 

serving stations 

11-15 

11-10 

Obstructions to 

vision 

11-86 

11-9 

Sky condition 

and ceiling . . 

11-6 

11-6 

Visibility 

11-7 

11-7 

Weather elements 

ll-8a 

11-9 

Wind 

11-12 

11-9 

Hourly sequence . 

li-4re 

11-2 

Notices to airmen 

(NOTAMS) 

11-14C 

11-10 

Pilot reports 

(PIREPS) 

11-146 

11-10 

Record (hourly) 

ll-4tt 

11-2 

Remarks 

11-14 

11-10 

SCAN 

11-46 

11-2 

Service A 

ll-Sn 

11-1 

Station identifiers . „ 

11-5 

11-6 

Reports, winds aloft 

13-3 

13-1 

Reradialion, transfer of 

heat 

2-66 

2-5 

Ridge 

2-20 e 

2-23 

Rime icc (see also Icing: 

Structural) 

9-36 

9-2 

Rotor system icing 

9-Gn 

9-7 

Runway visibility (RVV) 

ll-7c 

11-8 


(RVR) 

ll-7o 

11-8 

Saturated mixing ratio .. . 

2-12/ 

2-15 

Saturation 

2-1 2a 

2-13 

Sea and land breezes 

4-25 

4-25 

Secondary circulation .. .. 

4-7, 7-7 

4-9, 7-14 

Sectional map 

12-36, 16-8 

12-3, 16-6 

Semipermanent highs and 

lows 

4-6 

4-5 

Sequence weather reports 
(See Reports, teletype 
sequence.) 

Shear 

10-66, 14-5 e, 

10-10, 14-5, 


14-6/, ff 

14-7 

Shear line 

(lid, app, 
III) 

III-IO 

SIGMET 

16-14a 

16-13 

Skew T, log p Diagram ; 

Atmospheric stability 

6-9c 
through / 

5-9 

Cloiids - .. 

5-9^^, h 

5-10, 5-11 

Icing 

5-9 i 

5-il 

Lapse rates 

5-9«, 6, j 

5-9, 5-12 

Plotting data 

5-7, 5-8, 

5-7, 5-8, 


6-9 

5-9 

Sleet 

2-14d(l) 

2-17 

Slope, frontal 

7-le(2) 

7-2 

Snow 

2-14d(3), 

2-17 

(5c, app. Ill) 

in-G 

Sounding diagram, atmos- 
pheric (See Skew T, 
log p Diagram.) 

Spread 

2-126, 

2-13, 5-10, 


5-9g(2), 
8-2a, 11-11 

8-1, 11-9 

Squall lines, prefrontal,,. „ 

7-36(3), 

10-3o, 

7-5, 10-3 


(Glossary) 

G-S 

Stability 

2-66(2), 

2-5, 5-1, 


5- 1, 5-2, 

6- 5, 5-9c 
through / 

5-3, 6-9 

Standard atmosphere (See 

Atmospliere : Standard.) 

Station model: 

Constant pressure 

charts 

14-4 

14-3 

Surface weather maps 

12-4 

12-3 

Stationary fronts 

7-6, 10-3d 

7-12, 10-4 

Storm tracks 

4-12c, 4-14, 
4-15 

4-14, 4-17 

Stratiform clouds (see also 

Clouds) 

3-26(2), 

3-1 


9-86(1) 

9-10 

Stratosphere , .. 

2-3, 14-6d 

2-1, 14-7 

Structural icing 

9-2 

9-1 

Sublimation - 

2-llc, 9-2c 

2-12, 9-1 

Subsidence 

2-66 (2). 

2-6, 4-13, 


4~10fi(l), 
5-3, 5-9i 

5-2, 6-12 
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TM 1-300 

^ jjit water . 

v,fUthc‘i map: 
Arialy.'ii 


« ViiinK fjn 

Ton'^truction 
Facsimile map ■ 
I(5t‘tit5fication of 
front-* - 

01 -•.'i\atinn time 
Hectional map 
Ftation model 

SjmVxils 

Timti conversion 
U*e in forecabtmg. 
Wind Velocity 
.Sjnuptic phenomena 

Tal'lel. International 

Cloud Classifica- 
tion, Abbrevia- 
tions, and 
W’eather Map 
Symbols - - 
II. Height, Distribu- 
tion, and Fre- 
quency Observa- 
tions . • - - 
HI. Conversion from 
Inches of Mer- 
cury’ to Millibars 
IV. Dew Point and 
Moisture Con- 
tent at 1,000- 
Millibar 

Pressure 

T V. The Standard 

Atmosphere .... 
VI. Jliscellaneous 
Constants and 

Units 

VII, Wind Direction; 
Degrees to Com- 
pass Points . ... 
Vill. Surface Wind 

Character 

IX. Force of the Wind 
Against a Sta- 
tionary Objectat 
Sea Level in 
Standard 

Atmosphere 

X. Approximate Den- 
sity Altitude 
Computations to 
the Nearest 100 

feet 

'eletype circuits 


Piii.it?rarh 

2-Uc, 
9-8n, b 

12-2, 12-5, 
17-4 
12-4fc 
12-3 
l2-3a 

12-6 

12-3a 

12-35 

12-4 

12-‘1, 12-6 
11-36(1) 
12-7 
12-4a 
12-1 


Pntfe 

2-17, 
9-9, 9-10 

12-1, 12-7, 
17-2 
12-7 
12-1 
12-1 

12-10 
12-1 
12-3 
12-7 
12-7, 12-10 
11-2 

12-10 

12-3 

12-1 


3-1 


10-10 

II-l 


II-l 

II-l 

II-2 

II-2 

n-2 


II-2 


II-3 

11-8 11-1 


Teletype reports 
{Sec Reports, 
teletype sequence.) 
Temperature: 

Altimeter error due 
Conversion of scales 
Definition . 

Free air 

Icing . • 

In air mass classifica- 
tion 

In polar regions. . 

In tropical regions . 

Inversion 

Lapse ratc.s . - ^ 

Moisture relation .sliip 

Seasonal variations 
Shown in hourly 
sequence 

World distribution . 
Terminal forecasts 
Thermal eonvocLion . 


Thrce-Coll Theory .. 
Thunderstorm (s) ; 

Air mass 

Cell development 

Convective 

Drafts 

Fffect on airplanes in 
flight 


Electricity within 

Flight conditions 

Flight planning 

through 

Formation factors 

Frontal 


Gusts 

Hail 

Icing 

Lightning 

Orographic 

Prefrontal squall lino 


I’m m-N mill 

I’ilKO 

2-22c 

2-2r> 

2-46, fi-3/c 

2-2, 5-9 

2-4 

2-2 

2-7, i)-2n 

2-0, 9-1 

9-2« 

9 1 

(i-3a(i), 

0-1 

()~36 

0 2 

(Sec. I, 

III-4 

app. Ill) 

(Sec. n. 

III (i 

app. Ill) 

2- (!, 5- \)j, 

2 4, 5 12, 

7 2« 

7 1 

2 5, fi 4, 

2 2, 5 8, 

5-5, 5-9«, 6 

li ;{ 

2-l2n(l), 

2 \n, 

(4),2. I2d 

2 14 

2 8 

2 0 

11 10 

11 9 

2 8 

2 il 

in .5, HI- <7 

11) 8, 10 0 

2 -I0(t(l), 

2 10 

C-fiad), 

f. 2 

10 4« 

10 4 

4-4 

4 3 

10-4 

10 4 

Jl-fi, 10 rm 

a 5, 10 H 

10 4 

10 4 

10-56, 

10 9, 

10-06, 0 

10 10, U) 42 

10--06 

10 12, 

through d, 

10-4 « 

10-7 

]0-7c' 

10 14 

10-7 

10 la 

10-1, 10-8 

10.4, 104« 

10-2 

10.2 

7-36(8), 

7-5, 

7-46(8), 

7-7, 

7-Dc, 

7-n. 

7-0«(2), 

7-14, 

10-8 

10-2 

10-66, d, 

10-10, 10-12 

10-7/ 

10-J4 

10-76 

10-18 

10-70 

10-ia 

10-7e(l) 

XO-14 

10-4 

10-4 

7-86(8), 

7-6 

X0-8o 

10-8 

(Glossary) 

G-£ 
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Paragraph 

Page 

Thunderstorms — 

Continued 

Stages 

10-5& 

10-8 

Turbulence associated 

with 

5-6, 10-71 

5-7, 10-16 

Time conversion 

11-36(1) 

11-1 

Tornado 

4-31 

4-29 

Tracks, storm 

4-12a, 4-14, 
4-15 

4-14, 4-17 

Trade invex’sion 

11a, app. 
Ill) 

III-7 

Trade winds, noi’theast 

4-4a(l) 

4-3 

Transfer of heat 
(See Heat transfer.) 

Tropical cyclone 
(See Hurricane (s) .) 

Tropical weather 

(7, app. Ill) 

III-6 

Tropopause 

2-3, 14-66 

2-1, 14-5 

Troposphere 

2-36, 14-66 

2-1, 14-5 

Trough 

2-20d 

2-22 

Turbulence: 

Cause 

4-28C, 4-32, 

4-26, 4-30, 


5-3a, 

5-2, 


10-76.d, / 

10-13, 10-14 

Intensity classifiea- 

tion 

10-7i 

10-16 

Mechanical 

2-66(1), 

2-5, 


4-28, 4-32, 

4-25, 4-30, 


6-3a(2), 

5-2 


(5c(2), app. 
Ill) 

III-5 

Thermal convection ... 

2-10c(l), 

2-10, 


5-3a(l), 

5-2, 


10-4a 

10-14 

Units, meteorological 

(app. II) 

II-l 

Upper air analysis 

14-1 

14-1 

Upslope fog 

8-4c 

8-3 

Valley and mountain 

breezes 

4-26 

4-25 

Vaporization, heat of. ... 

2-1 Id 

2-12 

Vapor pressure 

2-12o(l) 

2-13 

Vertical cross section 

forecast ... 

16-8 

16-6 

Visibility 

11-7 

11-7 

Vision, weather 

17-6 

17-13 

Warm air Mass (Sec Air 
mass : Classification.) . . 

Warm front (see also 

Fronts) 

7-4, 10-3a 

7-7, 10-2 

Water (see also Moisture 

(humidity) ) 

2-8c, 2-11 

2-8, 2-11 

Water vapor 

2-11, 2-12 

2-11, 2-13 

Waves: 

Atmospheric 

7-7 

7-14 

Easterly 

(11c, app. 
Ill) 

III-8 

Weather: 

Advisories 

16-14 

15-1 


Paragraph Page 


Arctic 

(1, 6, 

III-l, III-6, 

Aviator analysis 

app. HI) 
17-2 

17-1 

Broadcasts 

16-13 

16-13 

Definition 

2-3c(l), 

2-2, 


(Glossary) 

G-5 

Depiction 

12-96 

12-13 

Facilities, aviation 
(see also Surface 
weather map; and 
Reports, teletype 
sequence) 

17-3, 17h1 

17-1, 17-2 

Forecasts (See 
Forecasts.) 

Frontal 

7-le, 9-8 

7-4, 9-9 

High altitude (See 
Constant pressure 
charts : Weather 
phenomena.) 

Map analysis 

12-2, 12-6 

12-1, 12-7 

Map, surface (See 
Surface weather 
map.) 

Maps (See Maps, 
weather.) 

Observations (See 
Observations, 
weather.) 

Polar 

(1, 6, 

III-l, III-6 

Reports (See Reports, 
teletype sequence.) 
Symbols 

app. HI) 

11-8, 12-4, 

^11-8, 12-3 


12-6 

12-1 ( 

Tropical 

(7, app. Ill) 

III-( 

Vision 

17-6 

17-1 ; 

World 

(app. IV) 

IV- 

We.sterlies, prevailing . 

4-4a(2) 

4_i 

Wind: 

And fog 

8-26, 8-3a 

8-^ 

Eddy 

4-32, 

4-30, 


(5c (2), 

III-5 

Fall (katabatic) .... 

app. Ill) 
4-30 

6-1 

Foehn ( Chinook) . . 

4-29 

4-2! 

Geostrophie 

4-10a(2) 

4-1! 

Gradient 

4-10a(l), 

4-11 


12-4tt 

12-: 

Hurricane 

4-11, 4-16, 

4-13, 4-18 


4-17, 4-21, 

4-2! 

Jet stream 

4-22 

14-6 

14- 

Land and sea breezes 

4-25, 

4-2 


10-4a(2), 

10- 

Monsoon 

(3) 

4-27 

4-25 

Mountain wave 

4-28 

4-26 

Relation to pressure 
systems 

4-lOc, 12-4a 

4-11, 12-3 
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ParnKTaph 

Pase 

Wind — Continued 

Shear 

10-66, 

10-10 


14-5c, 

14-5 


14-6/, g 

14-7 

Shift 

7-26, 

7-4 


11-12C 

11-10 

S{(ted 

4-8, 4-9c, 

4-9, 4-10 


11-126, 

11-10 


14-5c 

14-6 

Surface 

4-9c, 

4-10 


4-106, 

4-11 


12-4a 

12-3 

Tornado 

4-31 

4-29 

Trade 

4-4a(l) 

4-3 

Valley and mountain 

breezes 

4-26 

4-26 

Velocity (Tables VII, 

Vril, IX, app. II) , 

11-12, 12~4a, 

11-9, 12-3, 


(Glossary) 

rr-2, G-6 


Winds aloft: 

I’aiariaiih 

I’niro 

Charts 

13-6 

13 ;i 

Classification 

4-l()« 

4-10 

Forecasts 

Interpretation of 

1 (i-(i 

if{- r> 

charts 

Interpretation of 

13-6(j 

13- .3 

reports 

13-1 

13 '* 

Observation . . . 

13-2 

13 -1 

PIBAL 

J3 2ff 

1.3 - 1 

RAWIN 

13-26 

1.3 -1 

Reports 

World: 

13 3 

13-1 

Air masses 

(app. IV) 

IV £ 

Climate 

(app. IV) 

IV ! 

Pressures 

4-6 

4 -3 

Temperatures 

(app. IV) 

rv 1 

Weathor 

(app. IV) 

IV 1 
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